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Three-and-a-Half Million U.S. Employees 
Have Been Mislaid: Or, an Explanation 
of Unemployment, 1934-1941 


Michael R Darby 

University of Calt/omta, Los Angeles, and National Bureau of Economu Research 


A major conceptual error in the standard BLS and Lebergott unemploy¬ 
ment estimates for 1930-43 is reported Emergency workers (employees 
of government contracyclical programs such as WPA) were counted as 
unemployed on a normal-jobs-to-bc-created instead of job-seekers 
unemployment definition For 1933-41, the corrected luiemployment 
levels are reduced by 2-3 5 million people and the rates by 4-7 per¬ 
centage points The corrected data show strong movement toward the 
natural unemployment rate after 1933 and are very well explained by 
an anticipations-search model using annual full-time earnings 


When Keynesian or post-Keynesian economists denounce the central 
monetarist proposition that the economy converges to full employment m 
the absence of shocks, the prime empirical contradiction is the well- 
known persistence of high (though falling) levels of unemployment from 
1934 through 1941 If convergence to full employment is so slow, it is 
argued, it might as well be ignored So the explanation of this era is the 
central challenge to monetarist or equilibnum economists Despite 


Perceptive questioning by James R Lothian and comments by Anna Schwartz wrested 
the admission that my theoretical framework could not explain the high unemployment 
rates of 1934 through 1941 unless millions of people were gainfully employed as “unem¬ 
ployed ” Thinking of generous unemployment insurance, I had no idea that my hyperbole 
would prove literally correct Mrs Schwartz's incomparable knowledge of data resources 
provided the key references that put me on the trail Viduable comments on an earlier 
draft were received from Robert Barro, Harold Oemseu, Milton Fnedman, and Robert 
Lucas The author hopes that Bob (^rdon will forgive the obvious recychng of his 
origmal (1969) title and that this recycling does not seriously reduce the total stock of 
titles (see Darby 1973) The regressions were esumated by Nurhan Helvacisui on the 
NBER's Troll system This article was written while the author was Harry Scherman 
Research Fellow at the National Bureau of Econonuc Research but u not an official 
report of the NaUonal Bureau 
[Journal of PolUical Econou^, 1976, vol 84, no 1} 
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immense theoretical and empincai effort, no real answer has been given 
This paper argues that the inabikty of monetanst models to explain 
such large, persistent unemployment rates is an asset because those 
unemployment rates did not in fact exist The unemployment rates 
reported for the period count as unemployed literally millions of em¬ 
ployees on the payrolls of government emergency relief projects such as 
the Works Progress Administration and the Civilian Conservation Corps 
Both modern search and Keynesian theory require that contracyclical 
government employment not be counted as unemployment 

Section I demonstrates that the standard unemployment series' do 
indeed count “emergency workers” as unemployed and suggests the 
reasoning which led to this misconception Corrected data for employ¬ 
ment, unemployment, and the unemployment rate are presented in 
Section II It IS shown in Section III that the corrected data are consistent 
with a search approach to unemployment in which deviations of the 
actual from the natural level of unemployment are explained by devi¬ 
ations of actual from anticipated levels of wages and prices 


I. The Standard Treatment of Emergency Workers 

There are two standard data sets for the labor force, employment, and 
unemployment from 1929 through 1943, the official Bureau of Labor 
Statistics (BLS) data and the Lebergott data taken from Stanley Leber- 
gott’s book (1964) Either series could be called the “Lebergott data,” 
since the original presentation of the BLS data is in Lebergott (1948) ^ 
Though both standard data sets thus can be attributed to Lebergott, the 
treatment of “emergency workers” as unemployed was standard practice 
in the estimates of that period ^ 

Lebergott (1948)—perhaps too mured to the Census Bureau definition 
—makes no mention whatsoever of the exclusion of emergency workers 
from employed and their inclusion in unemployed This practice can be 
confirmed only by tracing it back to the Census Bureau source document 


‘ Speufic reference u to the senes Bt (Lebergott) and B2 (Bureau of Labor Statistics) 
reported in U S Department of Commerce (1973) 

* Lawrence R Klein was listed as Chief, Office of Publications of the BLS 
Most notably, the Bureau of the Census and the National Industrial Conference 
Board (NICB) A typical census publication reads "On the basis of the answers to these 
questions, persons in the labor force were classified into the following employment status 
categories (a) ‘Employed (except on public emergency work),’ including those reported 
as at work and those with a job but not at work, and (b) unemployed, including those 
‘On public emergency work’ and those ‘Seeking work’ *’ (U S Bureau of the Census 
1944, p 2) Similarly, “Unemployment—The di^rence between the number of persons 
in the labor force and the number of persons employed Persons on the payrolls of govern¬ 
ment emergency relief projects, such as WPA, CCC, and out-of-school NYA, are not 
considered employed" (NICB 1945, p 389) 
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for the 1940-46 data to which the 1929-39 estimates are tied * I found 
only one explicit statement by Lebergott on the inclusion of emergency 
workers among the unemployed: 

These estimates for the years prior to 1940 are intended to 
measure the number of persons who are totally unemployed, 
having no work at all For the 1930*8 this concept, however, 
does include one large group of persons who had both work and 
income from work—those on emergency work In the United 
States we are concerned with measuring lack of regular work 
and do not minimize the total by excluding persons with made 
work or emergency jobs This contrasts sharply, for example, 
with the German practice during the 1930’s when piersons in the 
labor force camps were classed as employed, and Soviet practice 
which includes employment in labor camps, if it includes it at 
all, as employment ’ 

If we exclude the forced analogy of the WPA to Nazi labor camps and 
suppose that Lebergott did nothing more than follow common practice 
in the 1930s, the question remains whether there is any valid rauonale 
for this treatment 

The answer appears to depend upon the particular year in question 
From 1930 through 1932 work relief was used as an apparently minor 
part of the general relief program of some states and cities, ® although this 
increased in the latter part of 1932 under Reconstruction Finance 
Corporation advances (repayment later waived) “for relief and work 
relief to needy and distressed people and in relieving the hardships 
resulting from unemployment ’’’ Employment under these programs was 
of a limited, part-time nature, with average annual wages per worker of 


* U S Bureau of the Census 1947 At p I it states "Dunng the period in which 
public emergency work projects were being conducted by the Works Project Administra¬ 
tion (WPA), the National Youth Administration (NYA), the Civilian Conservauon 
Corps (CCC) and State and local work relief agencies (this penod ended about June 
1943), persons at work on, or assigned to, such projects were also included among the 
unemployed ” 1 suspect that almost no one currently at the BLS is aware that they sue 
reporting (for example, U S Department of Labor 1975, p. 19) data for 1933-43 which 
includes emergency workers among the unemployed Certainly the standard explanatory 
notes (pp 135—42 for the ssune issue) state that "tmplojnd ptrsmi comprise (a) all those 
who dunng the suivey week did any work at all as paid employees, . ” count people 
currendy on similar government programs as employed, and mention no proUeiiis under 
“Histone Comparability ” 

’ Lebergott (1957, p 229), repeated verbatim m Lebergott (1964, pp 184-85) 

* The national income accounts show annual state and local work-relief wages (m 
milhons of doUars) as 1930, 4, 1931, 46, 1932, 92, 1933, 341, 1934, 680, 1935, 791, 
1936, 74, 1937, 48, 1938, 8, 1939, 10, 1940, 10, 1941, 6; 1942, 2 (U.S Department 
of Commerce 1947, table 14, p 27) 

’ Emergency Relief and Construction Act of July 21, 1932, Tide I, Sec. la. 
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one-half of the annual average tamings per full-time employee in all 

■US I>partm<nl orCommrrcc IWi, p ^ . r j i i 

® The U S Drparimcnt of Commerre calimales of thr number of »tatr and loca 
work-rchef workers for 1930-32 are 20,000, 299,000, and 592 000 (1960, p 98) ^ 

‘"The conditions of the major programs arc summarised in appendices i > ol th 
US National Resources Planning Board (1942) Wages were generally set at prevailing 
or “fair” leveU for the skill class of the work, or at minimum rates where they were 
higher than the market wage 
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. f Korlc to a normal situation of no depression and 

created in order to ^ labor force Measuring jobs to be 

^e'a7ed7ead°s Cerent treatment than measuring people without work 
who are seeking it >' Of course, no consideration was pven to emei;^ncy 
employment’s crosvdwg out private employment or the state and local 

construction work whicii it replaced 

In summary, the treatment of government work-relief employees as 
unemployed in the BLS and Lebergott data is inconsistent with both the 
modern BLS definition of unemployment and with the U S national 
income accounts This treatment may be defensible in the case of state 
and local workers but not for the federal emergency government labor 
force * ^ 


II. Corrected Estimates for 1929-43 

Since the misclassification of emergency workers as unemployed does not 
affect the civilian labor force but only its components, it is straightforward 
to correct the BLS and Lebergott data The corrected data presented in 
table 2 are consistent with the current definition which counts as employed 
“all those who during the survey week did any work at all as paid 
employees Ckimparing the standard'* and corrected unemploy¬ 

ment figures in columns 12 and 13, it is clear that the misclassification of 
emergency workers almost completely masked both the speed and strength 
of the return of unemployment toward normal levels in 1934 through 
1941 The employment level for 1936 is understated in the standard data 
by over 3 5 million people and by over 2 million as late as 1941 

This difference is seen most clearly in terms of the unemployment rates 
reported in table 3 For example, the Lebergott data overstate the 
unemployment rate by 1 2 percentage points in 1932 This rises to 4 3 in 
1933, 5 8 in 1934, 5 9 in 1935, and a full 7 0 percentage points in 1936 

On this view employment can exceed the "normal” labor force, and negative 
unemployment is reported as in 1906, 1917-19, and 1942-44 (NICE 1945, pp 38-39) 
Milton Friedman suggested it might be interesung to compute the unemployment rate 
for the postwar era on the dehnition of unemployment as job seekers plus employees of 
“make-work” jobs Unfortunately it is much easier to estimate which make-work 
employees were counted as unemployed in the 1930s than to estimate the number of 
postwar government (and private^) employees on make-work jobs 

' ’ A word of warning should be given about the Census Bureau data on the duration 
of unemployment These, too, should be taken with a large gram of salt because "[tjhe 
duration of unemployment represents the length of Ume (up to March 30, 1940) during 
which these persons had been seeking work or working on public emergency projects” 
(U S Bureau of the Census 1943, p 7) 

' ^ U S Department of Labor 1975, p 138 

“Lebergott explicitly adopted (1964, pp 407-8) the BLS figures on unemployment 
for 1929-39 because his revised estimates difTcrcd only slightly from the BLS data already 
in widespread use To maintain consistency, Lebergott reported employment as his 
revised labor-force estimates less the BLS unemployment data From 1940 onward, 
Lebergott adopted the BLS data without change 



TABLE 2 



7 




8 


JOURNAL OF POLITICAL ECONOMY 


TABLE 3 

Unemployment Rates 
Standard and Corrected Data, 1929-43 
(%) 


Year 


Unemployment Rates 


Lebergott 

(H) 

BLS 

(15) 

Corrected 

Lebergott 

(16) 

Corrected 

BLS 

(17) 

1929 

32 

32 

32 

32 

1930 

89 

87 

89 

87 

1931 

16 3 

15 9 

15,7 

15 3 

1932 

24 1 

23 6 

22 9 

22 5 

1933 

25 2 

24 9 

20 9 

20 6 

1934 

22 0 

21 7 

16 2 

16 0 

1935 

20 3 

20 1 

144 

142 

1936 

170 

16 9 

100 

99 

1937 

14 3 

143 

9 2 

9 1 

1938 

19 1 

190 

12 5 

12 5 

1939 

172 

172 

11 3 

11 3 

1940 

14 6 

14 6 

9 5 

95 

1941 

99 

99 

60 

60 

1942 

47 

47 

3 1 

3 1 

1943 

1 9 

1 9 

1 8 

I 8 


bovKifs -Col 14 * col J2/ci>l 5, coj r col 12/col 6 col 16 * col 13/toJ 3 col 17 » col 13/ 
col 6 

Noti£ —If stAC€ an<l local work rclicl cmplovrrs were instead clauified as unemployed and only federal 
emergency workers (col 1, table 1 above) were clasHified as cmployetl, the corrected unemployment rate* 
wouUl be loniewhat higher for the >e4n 1931 40 although the only substantia! diHerence is for 19)3 these 
alternative data aie 


\car 

19J1 

l9Ji 

1933 

1934 

I93S 

1936 

1937 

1936 

1939 

1940 

(“vorrccted Lrb^rgoit 

16 S 

24 i 

24 3 

172 

IS4 

10 1 

93 

125 

11 3 

96 

Cjirrfcted BLS 

I'lM 

23 b 

24 0 

170 

15 2 

ID 1 

92 

12 5 

it 3 

96 


Not until 1941 was the overstatement down to even 3 9 percentage points 
Put another way, the reported reduction of unemployment from 1932 to 
1936 was only about half of the actual reduction 
The note to table 3 presents the unemployment rates corresponding to 
coun ting fed eral work-rel lef em ployees as employed bu t sta te and local work- 
I ehef emplo) ees as unemployed The only substantial difference is for 1933 
The civilian labor force is estimated in both the standard and corrected 
data by a linear trend between decennial benchmarks adjusted for 
demographic shifts Coen (1973) has argued that the civilian labor force 
varies procyclically because of the discouraged-worker phenomenon 
Alternative unemployment rates—lower than those reported in table 3— 
would be estimated by applying Coen’s or a similar procedure to the 
corrected employment data Substantial questions arise however in 
applying relations estimated from postwar data to the interwar years, 
especially where data on wages and hours are involved (see below) 

m. An Anticipations-Search Explanation of the Corrected Data 

The corrected unemployment rates for 1934 through 1940 are still high, 
though no longer absurdly so Since 1900 the unemployment rate shows 
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“no discernible trend Except for the 1900s and 1930s, every decade 
in the twentieth century has shown an average unemployment rate of 
5 percent* *—about the current estimate of the natural rate of unemploy¬ 
ment The question naturally arises whether the corrected data are 
consistent with a model in which the unemployment rate tends to the 
natural rate in the absence of shocks. 

Robert Lucas and Leonard Rapping (1972) have shown that from 1930 
through 1933 their simple equilibrium model (1969) docs well both 
qualitatively and quantitatively*’ It does slightly better with the 
corrected data for 1933 Presumably, a similar result would hold for any 
anticipations-search model which can be expressed as 

u, = ao + a, log (WJW*) a, log (P,//>,*), (1) 

where u, is the unemployment rate, Hq is the natural unemployment rate, 
W, and IV* are the actual and anticipated nominal wage levels, and P, 
and P* are the actual and anticipated price levels Lucas and Rapping 
report that their model fails to explain high levels of unemployment from 
1934 through 1941 because rapid increases in nominal wages imply that 
the unemployment rate should fall to near the natural rate in 1934 or at 
the very latest by 1937 Even the corrected data show a much less rapid 
fall 

The main problem derives from the hourly wage senes used by Lucas 
and Rapping,* ® which rises by 12 percent in 1934 This reflects a 4 piercent 
rise in annual compensation per full-time employee and a 7 2 percent fall 
in hours of work Other series on hourly wages show a similar jump m 
1934 due to a large decline in reported hours and a small increase in 
annual wages * ’ This is extremely peculiar behavior for the average hours 
of work, which is normally a very reliable leading indicator—leading more 

' ’ Lebergott 1964, p 188 

“ Lebergott (ibid , p 189} reports a decade average of 4 percent for the 1900s and 
18 percent for the 1930s The corrected data (cols 16 and 17 of table 3) show a 1930s 
average of 14 percent but 4 percent for the 1940s 

' ^ Lucas and Rapping used the Lebergott estimates of unemployment Their discussion 
starts m 1930 instead of 1929, apparently because of data availability in senes not 
considered here They were fortunate in this regard as no reasonable model could explain 
the reported 3 2 percent unemployment rate in 1929—a drop of 1 percentage point from 
1928 The 1930 unemployment rate of 8 9 percent seems reliable because of the decennial 
census, but it is incredible that a bit under 10 percent drop m real GNP could be associated 
with a 5 7 percentage point increase in the unemployment rate from 1929 to 1930 

** Ub Department of Commerce (1966) estimates of compensauon of employees in 
all industries (pp 90-93, line 1) divided by the product of (o) the number of FTE 
employees in all industries (pp 102—5, line 1) and {b) the average annual hours per 
employee (Denison 1962, p 37 [not p 85], col 3) Unfortunately Lucas and Rapping 
(1969, p 742, n 27) had misinterpreted their (secondary) source as reporting **annual 
hours worked per year by full-time employees” when it in fact repoits “actual average 
annual hours per employee” as is seen in the original presentation by James Knowles 
(1960, p 26) 

* * See for example, senes such as D626 and D627 on wages and hours in manufacturing 
in U S Bureau of the Census (1960, p 92) 
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at peaks than at troughs Indeed Gerhard Bry’s study (1959) of the 
average work week showed only one cycJe in average weekly hours not 
corresponding to a reference cycle the peak of July 1933 and trough of 
September 1934 

The explanation of this exceptional behavior of hours and wages is easy 
to find the National Industrial Recovery Act (passed June 16, 1933) and 
succeeding legislation The NRA codes and later wage and hours laws 
aimed at limiting the hours of work and increasing hourly wages 
Significantly, Bry reports “The sample reporting manhours expanded 
greatly between 1932 and 1934, largely because of cooperation by the 
various code authorities of the NRA” (1959, p 107) Now this reported 
fall in average hours and rise in wages could reflect some combination of 
three factors (1) wholehearted compliance with the law and codes, (2) a 
change in firms’ reporting practices—entirely legal—so as to eliminate 
inclusion of rest and meal breaks in reported hours, and (3) falsification 
of reported hours and wages as part of an evasion scheme A cynical 
economist (such as I) might suspect that the data primarily reflect items 
2 and 3, but this is clearly a topic for detailed historical research If 
the change in hours is largely spunous, average earnings per FTE 
employee would more accurately reflect the development of wages in the 
1930s 

In any case, traditional models of search have used “the wage” as a 
shorthand expression for total conditions of employment This concept 
would appear to be better represented by annual earnings of FTEs—or of 
all employees—in a period in which total hours are being rationed 

Average annual FTE earnings arc compared with the Lucas and 
Rapping series on the money wage rate in table 4 Columns 20 and 21 
arc in index form for the benefit of eyeball economctncians The discrete 
jump in the Lucas and Rapping series for 1934 is not reflected in the 
average annual FTE earnings series although the two senes otherwise 
generally conform Because of the upward shift in the Lucas and Rapping 
senes, nominal wages arc reported as slightly above their 1929 level in 
1937 This does not occur until 1941 in the average annual FTE earnings 
series 

In view of these questions concerning the use of reported hourly wages, 
equation (1) was estimated for 1930-41 using the corrected Lebergott 

Such as in the thesis of Michael Weinstein, currently under way at M I T It has 
been argued, most recently by Robert Hall (1975), that the NRA codes and the succeeding 
wage and hour laws raised wages by hat and so changed the character of unemployment 
from search unemployment {1929-33) to nunimum-wage unemployment {1934-41) This 
u a competing but possibly complementary hypothesis to that in the text Recent papers 
by Finis Welch (1974) and Jacob Mincer (1974) note that the mam effect of such laws 
would be on the distnbution of employment between covered and uncovered sectors 
rather than the unemployment rate per se Further research on the precise effects of these 
institutional changes is clearly called for 
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TABLE 4 


II 


CoMPiUtooN OF Avuuoc At/NVAL Earkisof pu Fvu^Toot EunovRt m 
Ail InoumtiEt with Lucmi iuro Rappino'i itforasy Wage Rate 


Year 

Aiv Annual 
FTE Earnings 
($ per Year) 
(18) 

Lucas and Rapping 
Wage Senes 
($ per Hour) 

(19) 

Ayg Annual 
FTE Earnings 
(1929 - 100) 
(20) 

Lucas and Rapping 
Wage Senm 
(1929 « 100) 

(21) 

1929 

1,405 

56 

100 

100 

1930 

1,368 

56 

97 

100 

1931 

1,275 

53 

91 

95 

1932 

1,120 

48 

80 

86 

1933 

1,048 

46 

75 

82 

1934 

1,091 

51 

78 

91 

1935 

1,137 

52 

81 

93 

1936 

1,184 

53 

84 

95 

1937 

1,258 

57 

90 

102 

1938 

1,230 

58 

88 

104 

1939 

1,264 

58 

90 

104 

1940 

1,300 

60 

93 

107 

1941 

1,443 

66 

103 

118 


SouRcu—Col 16 Average annual eamingi per fuU'time employee in all mduitnet, lerice DG96, U S 
Bureau of the Cenius (19M), p 95, col 19 Lucas and Rapping (1972), p 189, col 20 col 18/14 05, 
col 21 col 19/0 0056 


unemployment rate, average annual FTE earnings, and the GNP pncc 
deflator for u„ IV„ and P„ respectively The anticipated levels of wages 
and prices were estimated by a simple adaptive expectations formulation 

fK,* = + (1 - A)(l (2) 

p; = Ai>, + (I - A)(i + g,)p;., (3) 

Here A is the coefficient of adjustment and and g 2 are the trend growth 
rates of wages and pnccs ^ ^ More elaborate models of anticipations might 
well yield better explanations but were not tried because of the scarcity 


The u, data are from table 3, col 16, the IT, senes for 1929-41 are Erom table 4, 
col 18 It was extended back to 1924 by using the Kuznets estimates (senes D686, 
Bureau of the Census 1960, p 95) and a ratio splice based on the 1929 overlap Thu 
earnings senes u $19-$21 less than average FTE compensauon for 1930-35, but thu 
difference rues to $50 by 1937 and $63 by 1941 because of the inclusion of employer 
social secunty and unemployment insurance taxes This increase in employer taxes would 
not represent a wage increase from the point of view of a job-seeking worker, so the 
earnings senes was used The P, senes for 1929-41 u Commerce Department data 
(senes B62, Department of Commerce 1973, pp 222-23) It was extended back to 1924 
by using the NBER-Kendnck esumates (senes B61, ibid ) and a 1929 ratio splice 

The required imtial values of IVg and P^ were taken as equal to die actual valuca 
in 1924, a year in which Lebergott estimates a 5 0 percent unemployment cate. The 
anticipated growth rate of prices g, was taken as 0, which is consonant with both the 
gold standard and actual cxpenence from 1921 to 1941 The conresponding smticipated 
growth rate of nominal (and real) wages was estimated as 11 percent per annum. If 
these growth rates are underestimates, the constant term will be biased upward. 
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of degrees of freedom I use the word “anticipations” instead of “expec¬ 
tations” by way of reminder that short-run aggregate supply or Phillips 
curve reflects past expectaaons of current prices, as embodied in contracts, 
as well as current expectations of searchers (sec Darby 1976, esp chap 14) 
Equation (1) was estimated by a simple maximum-likelihood technique 
Separate OLS regressions were run conditional upon the value of A for 
A = 0, 0 025, 0 05, ,0 95, 0 975 The maximum-likelihood estimate 

is regression 1 in table 5 The simple model docs rather well at explaining 
the fluctuations in the unemployment rate over the period 1930-41 One 
suspects that the standard error of estimate and 91 percent must be 
overopttmistic The constant term is well below the sample mean of the 
dependent variable (13 1 percent) but is significantly above the natural 
rate of unemployment of about 5 percent The /-estimate is lower than 
the Lucas and Rapping estimate which was inferred, however, from the 
coefficient of the lagged dependent variable in a Koyck transformation of 
equation (1) The independent variables are rather colhnear, and it was 
observed that higher values of A (within the confidence interval) increase 
the relative coefficient and significance of log (14',/IT*) and, conversely, 
for lower values of / So the reported standard errors and /-statistics for 
the constant and coefficients, being conditional on A, are misleading 
guides to significance However the F-test for R^ rejects the null hypothesis 
that all the coefficients are zero at any reasonable level of significance 
Regressions 2 and 3 were estimated suppressing in turn the wage and 
price terms The> are suggestive of a somewhat more rapid adjustment 
of anticipated wages than anticipated prices Regressions based on the 
unemployment rates in the note to table 3 (state and local work-relief 
employees counted as unemployed) differ only trivially from those 
reported in table 5 

Equation (1) was also estimated over the entne period 1930-65 of the 
Lucas and Rapping (1969/ study Over this whole period the adaptive 
expectations approach is much more questionable, but so would be any 
expectations model The estimate is regression 4 in table 5 and is essentially 
identical with regression 3 for the depression penod with the price term 
constrained to zero 

These results arc best interpreted as negating the view that anticipa- 
aons-search models have no role in explaining unemployment during 
1934-41 Only a much broader study integrating postwar data. New Deal 
institutional changes, and more sophisticated expectations models could 


The unemployment rate and ONP deflator for 1944-65 are series B2 and B62 from 
U S Department ofCkimmerce (1973) The average annual FTE earnings in all mdustnes 
IS Ime 1, table 6 5, pp 107-9 (ibid , 1966) 

** A check of the residuals revealed three greater than 1 standard error of estimate 
during the depression penod The unemployment rate is overpredicled by 3 0 percentage 
points in 1930 and by 1 7 in 1936, it is underpredicted by 4 0 percentage points in 1932 




13 



4 


JOURNAL OF POUTICAL ECONOMY 


provide a clear picture as to the amount of excess unemployment which 
can be attributed to normal search behavior versus the amount caused by 
New Deal programs 


rV. Conclusions and Summary 

The corrected data radically alter our empirical conception of unemploy¬ 
ment during the 1930s The fact that unemployment rose to nearly one 
quarter of the labor force in 1932-33 is unchanged, but that fact is readily 
explained by the heroic ineptness of Federal Reserve policy The extremely 
slow recovery from 1934 through 1941 is shown to be a fiction based on 
erroneous data From 1933 to 1936 the corrected unemployment rate fell 
by 3 6 percentage points per year, and there is every reason to suppose 
that the natural rate of about 5 pierccnt would have been reached by 1938 
had the Fed not doubled reserve requirements between August 1936 and 
May 1937 

To be sure, during 1934-40 between 5 and 7 percent of the labor force 
was employed in contracychcal, make-work public construction jobs, but 
there is little empirical evidence in the postwar period that the government 
spending multiplier is much above zero over such a long period as 2 or 3 
years Certainly the unemployment rate behaves as if the emergency 
programs crowded out regular employment—particularly on the state and 
local construction works which would otherwise have been required 

The utter inability reported by Lucas and Rapping of anticipations- 
search models^’ to explain unemployment during the recovery period 
1934-41 can be attributed in part to errors m the unemployment data and 
in part to the use of an inappropriate hourly wage plagued by the 
introduction of repiortmg biases with the advent of the NRA Only a 
broader study over an extended time penod can provide a realistic 
estimate of the residual increase in unemployment that might be directly 
attributable to such programs as the NRA But is is clear that the cyclical 
behavior of unemployment in the 1930s generally conforms to movements 
in actual versus expected wages and prices as predicted by modem 
natural-rate models 

In summary, a major conceptual error in the standard BLS and 
Lebergott data has been uncovered Emergency workers (employees of 
government contracychcal progframs such as WPA) were counted as 
unemployed due to the use of an implicit definition of “normal-jobs-to-be- 
created” instead of the standard job-seekers definition Estimates were 
affected for 1930-43, and during 1933-41, by huge amounts—2-3 5 
million unemployed people or about 4-7 percentage points on the 


** Strictly speaking, their model should be termed an “equilibnum” or “cleared- 
labor-market” model, although it is in the standard anttcipations-search form 
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unemployment rate. The corrected data reveal a strong movement 
toward the natural unemployment rate after 1933 A simple andcipations- 
search model of the Lucas-Rapping type explains the corrected data very 
well when average full-time earnings are used as the nonunal wage, but 
further research is required on the possible influence of NRA and similar 
programs in increasing the unemployment rate 
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Tariffs and income Distribution: 
Some Empirical Evidence for the 
United States 


David F. Burgess 

University of Western Ontario 


The duality between transformation functions and joint cost functions 
and the generalized linear-generalized Leontief form are used to 
provide a framework suitable for assessing the income distributional 
effects of tariffs Imports are viewed as intermediate inputs which are 
combined with capital and labor by the aggregate private domestic 
producing sector to produce two composite outputs for final demand 
The manner by which higher tariffs affect factor rewards depends 
critically upon whether the technology is separable or nonjoint Both 
of these popularly used special cases are shown to be of questionable 
empirical validity for the postwar U S economy Nevertheless, both 
models predict that higher tariffs raise real wages 


I. Introduction 

How does the U S tanff structure affect the distribution of income and 
the returns to its primary factors, capital and labor ^ Who gams and who 
loses if U S tariffs are reduced or eliminated^ Despite the importance of 
the question of factoral protection and an early impetus given to it by 
Stolper and Samuelson (1941) and Travis (1964), the evidence that 
economists have been able to uncover to shed light on this question is 
rather indirect, surprisingly weak, and somewhat contradictory The bulk 
of recent empirical research on tariffs has been addressed to the closely 
related question of the sectoral protection afforded by a tariff structure 
Stimulated by the introduction and refinement of the concept of effective 
protection, economists have attempted to measure the extent to which a 
particular tariff structure shifts the allocation of resources among 
mdustnes The more ultimate and prior question of factoral protection 
has been considered more or less as a peripheral matter, if at all 

The author wishes to thank, without implicating, Erwin Diewert, Harry Johnson, and 
Alan Woodland 
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The cffecuve rate of protecuon purports to measure the extent to which 
the returns to pnmary factors in particular sectors of the economy are 
altered by a tariff structure A ranking of sectors by their “effective 
rates” is then supposed to provide an indication of how resources are 
reallocated as a consequence of the tariff As Travis (1968) points out, if 
all primary factors were sector specific, then sectoral and factoral 
protection would coincide However, in a longer-run perspective, the 
basic pnmary factors, capital and labor, arc mobile across sectors 
Therefore, at best, the effective rate gives some indication of short-run 
income distributional effects prior to any resource movements 

General equilibrium theorists have observed that when there arc 
numerous individual traded commodities produced under competitive 
conditions and constant returns to scale, and when there are a few scarce 
but mobile pnmary factors, the pattern of production and trade is 
indeterminate for an economy (see Melvin 1968, Travis 1972) Therefore, 
It IS impossible to infer the direction of change in resource allocation that 
results from a change in the tariff structure as pursued by proponents of 
effective protection However, it remains possible to predict the change 
in factor prices and income distribution, since factor prices are determined 
by commodity prices under competitive conditions Thus, since tanflfs 
alter the domestic prices of commodities, the impact of a tariff structure 
on factor prices is, theoretically at least, a perfectly tractable problem 
Value added in any sector is just a weighted sum of the returns to the 
pnmary factors, where the weights arc the per unit direct primary-factor 
demands If the tariff structure tends to raise wage rates relative to rental 
rates, then those processes which are labor intensive should exhibit high 
effective rates This line of reasoning led Basevi (1966) and Balassa (1965) 
to regress their measures of effective rates on corresponding measures of 
direct labor content for each sector Finding no significant positive 
correlation for the United States, they concluded that the U S tanff 
fails to protei t labor The measures of effective rates calculated by the 
above authors were based upon the assumption of zero substitutability 
between material and primary inputs This deficiency, together with the 
recognition that commodity prices and factor prices are functionally 
related bv the matrix of direct and indirect primary-factor input 
coefficients, led Travis (1968) to regress nominal tanff rates on direct and 
indirect labor content He found a positive and significant association, and 
therefore concluded that U S tariffs indeed protect labor 

Travis’s results are intuitively reasonable, since we normally think of 
the United States as labor scarce in terms of unadjusted man-hours and 
capital abundant when human capital is included However, while U S 
tariffs may protect sectors which have relatively high man-hour require¬ 
ments, many of these sectors tend to be standardized processes with low 
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educational and skill requiremciits (sec Baldwin 1971). The wage 
component of value added for these sectors may therefore on balance be 
relatively low Since the ultimate general equilibrium effect of restrictions 
on imports is to reduce exports, and since these latter processes tend to 
require relatively large amounts of skilled labor, the overall impact of 
tanffs on wages and the return to capital in the United States is by no 
means clear The question of factoral protection afforded by the U S 
tanff gams further importance in view of the increasing international 
mobility of capital If the competitive return to capital is reduced by 
higher tariffs, then this may partly explain the persistent net capital 
outflows experienced by the United States over the postwar period 

The major objective of this paper is to reinvestigate the question of 
factoral protection afforded by the U S tanff using a completely different 
but more direct, and hopefully more appropriate, methodology We 
begin by observing that at the level of the overall economy a vanety of 
primary factors, capital and labor services plus imported goods, are 
inputs into the productive process for the delivery of various types of 
output to final demand (see Burgess 19744) We can summanze this 
technology by a transformation function T{y, x) = 0 giving an implicit 
association between a vector of final output y and a vector of pnmary- 
factor input x which is technically capable of producing 7 and no more 
This representation obscures the intricate intersectoral flows of materials 
and primary-factor services that occur within the economy The focus is 
on primary factors, so that imported materials are explicitly represented 
while domestically produced material inputs “wash out” in the aggrega¬ 
tion process Observe that the technology pertains to final demand 
outputs rather than outputs from individual sectors, much of which is 
material input into other sectors Finally, all imported goods enter the 
technology as inputs despite their stage of processing, since what we are 
ultimately interested in is how final demand is satisfied and all imported 
goods arc a potential source for meeting this demand either directly or 
indirectly 

In this paper, I assume that the aggregate private producing sector 
employs two pnmary factors, capital and labor services, along with 
imported materials to produce two categories of output for final demand 
The composite outputs are durables and nondurables on the one hand and 
nongovernment services and structures on the other This decomposiUon 

suggested by the significant differences in the movements of their 
corresponding price indexes It is also not unduly unrealisuc to regard 
durables and nondurables as predominantly tradable goods, while 
services and structures are essenually nontraded I treat the bundle of 
imported goods as a single composite good whose domesUc price is the 
world pnee modified by the tanff If pnmary factors are in fixed supply 
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at any moment, and if the producing sector takes output and imported 
input pnces as given, any tariff increase will tend to encourage substitu¬ 
tion away from imports to alternative inputs for production for final 
demand This will have implications for the prices of the primary-factor 
services and the distribution of income depending upon the specific form 
of the technology It is a major objective of this paper to develop these 
implications and lest their empirical content 

Before proceeding with this latter task, the highly aggregative approach 
to the question of factoral protection perhaps warrants further comment 
It IS, of course, completely unsuitable for making any statements about 
sectoral protection sinct wc ignoie the intricacies of the tariff structure 
and the economy’s input-output matrix No distinction is therefore made 
between a change in the domestic price of an imported natural-resource 
prodiul and an imported consumer durable, for example While 
proponents of effective protection might recoil at this, we emphasize that 
our interest is not sectoial but factoral protection Witli small exceptions, 
any tvpe of import has a < fose, if not perfect, domesticallv produced 
substitute Consequently almost any import serves both as an input and 
as an output within the complex matrix of inteisectoral Hows Changes in 
import prices will therefore impinge on sectoral activities throughout the 
economy with ultimate economy-wide implications for the returns to 
primary factors By aggregating all imports into a single composite good 
that is treated as distinct from either of the composite final outputs, we 
have a manageable fiarnc'work foi analyzing the ultimate factoral 
implications of tariffs 

In the next section, I develop and compare the effects of tariffs on 
factor rewards for tfic two special cases of a separable and a nonjomt 
tec hnology In Sec tion III, I make use of the dualitv between transforma¬ 
tion functions and joint cost functions to derive a set of estimating 
equations which is suflicicntly general to test these impoitant restrictions 
In Section IV, I report the results of an tmpiiical inve-stigation of the 
model using annual LI S postwar data Despite dramatic differences in 
the determinants of fat toral protection which c merge from the two models, 
both specifications \ield the inference that U S tariffs raise real wages 
and adversely affect the returns to capital 'I hese inferences arc reveised, 
however, when wc impose additional restrictions on the nonjomt model 


II. The Effects of a Tariff on Factor Prices for 
Separable and Nonjomt Technologies 

We assume that the private U S producing sector employs capital, 
labor, and imported materials to produce tradables (durables and 
nondurablcsj and nontradables (services and structures) The aggregate 
technologv is defined by a joint cost function C(y, wj which gives the 
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minimum cost of producing a specified vector of output^ when the factor 
price vector is tt; * Suppose the producing sector faces exogenous prices 
for all three commodities, that both final goods are produced at these 
prices, and that the supplies of primary factors are fixed Under com¬ 
petitive conditions and constant returns to scale, the producing sector 
achieves an optimal output vector by setting the marginal cost of each 
output equal to the exogenous output price Since dC(j>, w)ISyj gives the 
marginal cost of producing thcjth output, we obtain (>i ,.>' 2 , w, r,p) = 
P\’ y 2 -> ‘'y P) ~ where w and r designate the wage and 

rental rates, and / represents the price of imported materials The partial 
derivative of the joint cost function with respect to the price of a factor 
gives the derived demand for that factor, so that dC{y, w)jdu), = 
•*(( >*' m) ^ Since primary factors are in fixed supply, the wage and rental 
rates are implicitly determined by the following factor market equilibrium 
conditions C,{yi,y 2 , w, r,p) = K, <?„,(_)>,, Vj, w, r, p) = /, 

We now have a system of four simultaneous equations in four unknowns, 
the final demand vector and the vector of primary-factory prices 
Consider the effect of the imposition of a tariff on imported materials on 
the equilibrium vector of factor prices Since all commodity prices are 
exogenous to the producing sector, the domestic price of the imixirted 
input IS given hy p = p(\ + x), where x is the tariff rate The increase 
in the price of imported inputs will tend to raise the costs of producing 
final outputs But if these costs arc constrained by compietitive conditions 
to equal the unchanged final output prices, adjustments must occur in the 
prices which can be paid to the primary factors in fixed supply We would 
also expect a change in the optimum output vector 

Without further restrictions on the technology, the solution is a 
complicated function of all the second-order partial derivatives ol the 
joint cost function ^ It is useful to consider two simplifications of the 

' Thr joint cost function is developed in detail by Hall (1973) and McFadden (1975) 

I It IS defined Irom the transformation function T(jr, v) = 0 by C( y, w) = minimum,, w'r 
! subject to T{ji, x) > 0 

I ^ This IS Shephard’s lemma See Shephard (1953), SamueUon (1954;, Diewerl (1971), 
E and McI adden (1975) for details 

r ’ The solution is easily obtained by totally diHerentiating thr system of four simul- 
!' taneous equations with respect to small changes in y,,j 2 , w, r, and p \n alternative 
I framework for obtaining the comparative static effects on factor paces and outputs 
I involves the dual transformation function Fhus, under competitive conditions, the 
) producing sector ochaves as if it maximizes national value-added + piyi — pM 

i subject to the constraints T{ y,,yi, K, L, M) = 0, A ^ K, L < L The Lagrangeaii for 
this problem becomes 

Vi.^ii L, Af, X, w, r) 

s ^1 >1 -i- piyi — pM — XT{y,,jy 2 , A, L, M) — w(L - L) — r{K - R), 

and the first-order conditions can be differentiated totally with respect to p to obtain the 
effects on factor rewards This alternative route is more cumbersome, so that the v-alue 
of duality theory in simplifying the analysis ts apparent Burgess (1974<t) has used the 
above framework for the one-sector economy 
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technology which have played a prominent role in theoretical and 
empirical work First, suppose that the technology is functionally separable 
between inputs and outputs This implies that relative output prices 
depend only uf>on output quantities and are indepiendent of factor 
prices Alternatively, the cost-minimizing input mix is independent of the 
composition of final output The joint cost function can then be written 
in the multiplicative form C(^, w) = H(^)<f>{w), where H is linear 
homogeneous and convex in^, and <f> is linear homogeneous and concave 
in w ^ The system of equations appropriate for obtaining the comparative 
static effects can then be written in matrix form as follows 





HyypMTdL) HyyK HyA 


‘O'l 

ff,A H{y)4>„^ 


dw 

_H,A f^y2<t>r H{y)4>y^ H{v)4>r,. 


dr _ 


-H{y)Kp ^ 

L -H{y)4>,, J 

The first two equations reduce to a single equation in dw and dr because 
H [y) IS linear homogeneous ’ If we also premultiply the third and fourth 
equations b) </), and respectively, and subtract, we obtain a second 
equation in dw and dr alone This simplified system of two equations in 
dw and dr can now be written in matrix form m terms of the first and 
second partial derivatives of as follows 

r 4>r iw r -<>p 

Solving for dw and dr in terms of dp and making use of the Allen (1938) 
Uzawa (1962) definition for the partial elasticity of substitution = 
<t>(f>ijl(f>,<t>j we obtain 

w wA p 

r ra p 

* See Hall (1973) for proof 

’ From Euler’s Theorem /f,, v, + = H{y) Therefore, consider an arbitrary 

change in y, and^i and differcntiatr both sides totally to obtain 

<fy, + ffy, vj dy2)yx + Hvi dy, + (/fvij'i ifyi + dri 

“ Hy, tfy, + Hy, dyi 

Consequently, the expressions in brackets must vanish 
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where A « - 2ff*,) > 0 since the “unit” cost 

function 0 is linear homogeneous and concave in it» * 

These expressions confirm that, while there is a strong presumption 
that higher import prices reduce both the wage rate and the rental rate, 
this outcome is not necessary Specifically, if we make the reasonable 
assumption that capital and labor arc subsUtutes so that > 0, the 
second term in braces for each expression is negative Therefore, the wage 
(rental) rate will increase only if the elasticity of subsutution between 
imports and capital (labor) is negauve and sufficiently large. The fact 
that only one pair of inputs can be complements rules out the possibility 
that both factor prices increase with higher tariffs If imported materials 
are functionally separable from capital and labor, then a,,, and 

higher tariffs make both types of factor owner worse off ’ 

The possibility that imports arc closer subsUtutes for capital than 
labor, or vice versa, means that tariff policy has an important influence 
on the distribution of primary-factor income To assess the effect of 
higher import prices on income distribution, we can derive the following 
expression 

^ ^ . d2 

w r ((T„„ + a„ - 2a J) ' p ’ 

where <t>i represents the share of factor payments accruing to the ith 
factor 

To summarize, when the technology is funcUonally separable between 
inputs and outputs, the effect of higher impiort prices on factor pnccs 
depends on the relative magnitudes of the partial elasUcities of substitution 
of the “unit” cost function Whether or not labor gains relative to capital 
depends on whether or not > a,^ Thus, for a separable technology, 
factor demand equations can be specified and income distnbuuonal 
effects can be analyzed as if a single output were produced A diagram 
will clarify the effects of an import tariff on factor prices for the one-sector 
(separable) model 

Figure 1 gives the locus of wage and rental rates which can be paid per 
unit of the pnmary factors under competitive conditions when one unit 
of final output sells for a dollar and imported materials can be purchased 

* Since the unit cost function ^ u linear homogeneous and concave m u, then its 
Hessian matnx is negative semidefimte Consequently, the matnz of Allen-Uaawa 
partial elasticities of substitution is also negative semidefimte Therefore, 

2<r„ - (1 -1) I j < 0. 

’’ This result folh ws easily since the expressions in the text sunplify to Jwlw » 
(^/icA) (a„ - o„) 4,4, , and drir - (pfrA) {a„ - 4 ^ 4 , {dpip) , isduch are both 

negative whenever import pncei rue 
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at price ^ * By Shephard’s lemma, the competitive equilibrium factor- 
price vector will be given by the point A on the locus where the gradient 
vector coincides with the economy’s fixed-endowment vector Now 
suppose p IS increased through the imposition of a tariff The new locus 
of factor prices which can be paid when final output continues to sell for 
a dollar must be everywhere inside the old locus ’ The new equilibrium 
factor prices will be B, which represents the unique point where the 
gradient vector has the same direction as before This corresponds to the 
full-employment condition imposed on the unchanged supply of pnmary 
factors, capital and labor 

The change in factor prices clearly depends on the manner in which 
higher import prices shift the isocost locus A neutral shift occurs when 
a„i, = implying that capital and labor are equivalent substitutes for 
im{X)rted materials If > <T,p, then the wage rate declines less than 
the rental rate with higher tariffs (the wage/rentaJ rate increases) The 
new locus has a flatter slope along the ray OA If then the 

wage rate declines more than the rental rate, and the new locus has a 
steeper slope along the ray OA Higher tariffs might raise the real reward 
for one factor provided it is complementary to imports For example, if 

* The locus of factor pnees w, r is quasi-concave for a given value of p because the 
value-added function exhibits all the properties of a well-behaved technology, assuming 
that the overall technology for final output is well behaved See Woodland (1973) and 
Diewert (1974) for further details 

* Smcc a unit of final output sells for the same price, while the price of imported 
materials has increased, less can be paid per unit of capital and labor in order that unit 
costs remain unchanged 
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imports and capital were complements so that < 0, then the twist in 
the locus might be severe enough that equilibrium is restored at C where 
wages have increased, 

The two-sector nonjoint production model is the cornerstone of a great 
deal of theoretical work ‘ ° Theorists have become accustomed to treaung 
multiple-output firms or economics as consisting of distinct sectors each 
with separate production functions The cost of producing any vector of 
final output IS just the sum of the costs of producing each output 
separately Provided the technology exhibits constant returns to scale, the 
joint cost function can then be written C(j, w) =yiC'(w) +y 2 ^^(l£)’ 
where C‘(w) is the unit cost function for the ith sector “ Under this 
specification, output prices depend only on factor prices, and aggregate 
factor demands are the sum of individual sector demands This means 
that the matrix system for determining the comparative static effects on 
factor rewards and outputs can be written 

■ 0 0 Cl 

0 0 Cl 

Cl Cl y,Cl^ +y2CL 
_CV Cl y.C.i+y^C^i 


C,' 

Cl 

yiClr + y2Clr 
ytClr + y2Cl, 



■rfj-, ■ 


d-yi 


dw 


dr _ 


-cl 

-Cl 


~jyiClf — y2Clp 

L -^iClp -y2Clp. 


dp 


The subsystem of the first two equations yields a solution for the effects 
on factor prices independent of the solution for outputs If we define Pjy 
as the cost share ol the tth factor in the jth sector, we can express the 
percentage c hanges in factor prices resulting from a given percentage 
change in import prices as follows 


te ( |0| ] p 

I 0 | j P 



For exampJrs ol its use in international trade, the reader is referred to Stolper and 
Samuelson (1941),Jones (1971), and Khang(1973) Johnson (1971) provides an excellent 
survey of the two-sector model with applications to problems of tax inadence and 
unionization 

" See Hall (1973) for proof 

‘ ^ The two equations can be written in the form CU dw + Q ilr = {1 ^ 1,2) 

Wc can then convert the system into a form where the coefficients are factor shares and 
the unknowns are percentage rates of change 

wCj , dw ^ rCJ dr —pCl ^ 

,7’i yi f y, p 

( 1 = 1 , 2). which IS simply Ou dwiw + drir = -0^, dplp (1 = 1,2) 
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where |0| = > 0, provided the value-added process 

for the first sector is labor intensive at the initial factor prices * * 

For the nonjoint model, provided the tanff revenue is distributed in 
lump-sum fashion, the effects of higher tariffs on factor prices depend only 
on the primary-factor intensities and import cost shares for each sector 
To clarify this, consider figure 2, which gives the isocost loci m factor-price 
space for each sector at the initial set of commodity prices With free 
mobility of factors between sectors and perfectly competitive conditions, 
the unique set of factor prices is given by the intersection of these loci 
Since the gradient vectors to each isocost locus at this jxiint represent the 
unit factor demands for each sector, the equilibrium output vector is 
given by the coordinates of the endowment vector in the basis of unit 
factor demands 

Assume that imported inputs increase in pnee as a consequence of 
higher tariffs, thereby shifting both isocost loci inward The extent of the 
inward shift of the isocost loci along the ray OA depiends only on the share 
of imports in the cost of final output Since the new equilibnum set of 

The condition Ifl| > 0 ifr0i.,0(] > requires that 9 li/®*i > which 

says WiLiIrfK, > WiLilr 2 Ki If we assume factor mobihty and no market distortions, 
so that factors earn the same rates of remuneration in each sector, then this latter 
condiuon implies Z,|/Ai > LijKj 
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factor prices must be an intersection of the new isocost loci, the point will 
he above or below the ray, depending first on the share of importe in each 
sector and second on the relative primary-factor intensities of each 
sector The geometric analysis confirms what the algebra has already 
indicated; for small changes in the price of imported inputs, imtial 
primary-factor intensities and import cost shares are the sole determinants 
of changes in factor prices Whether the isocost loci twist in a biased 
fashion depends, as before, upon sectoral differences in elasticities of 
substitution between imports on the one hand and capital and labor on 
the other But for small changes in import prices, this aspect is irrelevant 
in the determination of factor prices Thus, in the two-sector model, both 
sectors may exhibit complementarity between capital and imports 
(thereby twisting both loci so that the contours arc flatter along OA), and 
yet this may imply that the rental rate rises and the wage rate falls In 
the one-sector model, this complementarity was a necessary, but not 
sufficient, condition for the wage rate to rise and the rental rate to fall ‘ * 
In concluding this section, it is useful to consider the special case where 
imported materials enter only one sector Geometrically, it is easy to sec 
that since only one isocost locus shifts inward, one group of factor owners 
will necessarily be better off with higher tariffs on imported materials 
More precisely, from the algebra it follows that if the sector requinng no 
imported inputs is labor (capital) intensive, the wage (rental) rate 
increases with higher tariffs no matter what the relative magnitudes of the 
elasticities of substitution happen to be This provides a dramatic contrast 
to the determinants for the one-sector (separable) model * * 


III. Empirical Implementation 

Functional Form 

|We assume that the technology of the producing sector for the pnvate 
eU S economy can be represented by the following generalized hnear- 


' * To show that both factors cannot be better off we need only show that both 
numerators cannot be positive when |d| > 0 Suppose, to the contrary, that both 
numerators are positive so that and Together 

hese conditions imply that OgilBn > which contr^icli the asmunption that 

|9| > 0 On the other hand, both expressions can be negative, indicatug that both 
ctor owners might be worse off with tariff protection Thus, if 02.,/9_, > while 

i/^xi > tins Will guarantee that |9| > 0, although it must be emphasized 

at > 0 can hold without both expressions being negaUve 

The effect of higher tanffs on the distribution of income between capital and labor 
or the two-sector nonjoint model is given by 


A»/u) — dr/r ■ 




-]*lp 


If the first sector is labor intensive, the share of factor income accruing to will 
increase provided the share of imported materials is smaller for rhi« sector. 
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generalized Leontief (GLGL) joint cost function in two outputs and three 
inputs 

C(y, “!) = yiyj^l»>,»), 

i J r a 

The GLGL functional form is sufficiently flexible to provide a second-order 
approximation to an arbitrary cost function m a small neighborhood 
about the point of evaluation ’ * It also enables us to test the two important 
restrictions of separability and nonjointness which have frequently been 
adopted as alternative maintained hypotheses in most previous empirical 
work Separability means that the joint cost function can be written in 
the multiplicative form 

S ^ P„slw,w^, 

where the second bracketed expression can be viewed as the “unit” input 
cost function Separability gives rise to the restrictions 
for all i,j, r, s Nonjointness means that the joint cost function can be 
written in the form 

C{y,w) = ^ 

where the bracketed expression represents the unit cost function for the 
ith sector Nonjointness gives rise to the restrictions 0 |j„ = 0 unless 
I = j Since the function admits separability and nonjointness as special 
cases, we have an analytical framework which is appropnatc for testing 
the reasonableness of the two competing models for explaining the income 
distributional effects of tariffs 

The flexibility of the GLGL form is evident from the fact that it 
permits an arbitrary set of Allen-Uzawa partial elasticities of substitution 
between pairs of inputs at a given set of factor prices and output quantities 
Contrary to the multifactor generalizations of the Cobb-Douglas and 
constant elasticity of substitution (CES) forms, separability restrictions 
among the inputs are not imposed a prion, and complementanty is 
possible between a pair of factors (see Arrow et al [1961]) The partial 
elasticity of substitution between factors r and s has the following general 
representation in terms of the joint cost function a„ = CC^jCfi, It has 

•*Pnncipl« of duality assure us of the existence of a well-behaved technology 
associating inputs to outputs, which is implied by any given joint cost function provided 
It exhibits certain characteristics (see McFadden 1975) The generalized linear- 
generalized Leontief joint cost function was developed by Hall (1973) from the generalized 
Leontief cost function for a single output proposed by Diewert (1971) The first-order 
terms are suppressed because of our maintained hypothesis of constant returns to scale 
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the following specific representation in terms of the parameters of the 
GLGL joint cost function: 

^ iT.i Hi £. Z/ «</r.V yiyil»>J^.) 

° (Z/ Hj Zr Zj Z. 

This measures the normalized response of the demand for the rth input 
to a change in the price of the nh input when all other input and output 
prices are unchanged and when all inputs and outputs are allowed to 
vary It is therefore equivalent to the comparative static effect of a change 
in one input price for a pnce-taking firm except for the normalization 
which ensures that a„ and a„ are equal ‘ ’ 


Data 

In the National Income and Product Accounts of the United States (U S 
Department of Commerce 1966, tables 1 4, 1 6), merchandise imports are 
subtracted from the various categories of final output (durables and 
nondurables) in order to arrive at measures of value-added outputs from 
the standpoint of the private domestic economy This procedure reflects 
the implicit assumption that imports arc final goods requiring no further 
domestic processing 1 have argued that a more appropriate treatment of 
imports from the standpoint of assessing factoral protection is as an 
additional input along with domestically supplied capital and labor 
services in the production process for final goods In this paper, I have 
decompioscd final output into durables and nondurables on the one hand 
and nongovernment services and structures on the other I add merchan¬ 
dise imports back into the national-accounts measure of durables and 
nondurables output to obtain measures of final output in current and 
constant dollars Prices and quantities of durables, nondurables, non¬ 
government services and structures are measured from the producer’s 
(point of view and therefore take into account producer taxes and 
[subsidies I follow Christensen and Jorgenson (1970) and include their 
(measure of the imputed value of the services of consumer and producer 
^durables, while excluding all services supplied by governments * * 

' Prices and quantities of capital and labor services are also taken from 
|Christensen and Jorgenson (1970) and reflect producer taxes on inputs 
These authors construct a quantity index for labor input based ujxin 
.private domestic persons engaged adjusted for hours worked and changes 

See Dicwert (1974) for further details 

See Christensen and Jorgenson (1970) for a detailed discussion of the production 
account These authors divide output into durables and structures on the one hand and 
nondurables and services on the o^er A detailed account of the data and the procedure 
used in the disaggregation of output used in this paper is available from me on request 
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in the level of educational attainment. The capital-service price and 
quantity data are constructed by Divisia aggregation from data on the 
capital services provided by seven distinct capital goods, including land 
All data are annual for the period 1948-69 
Jorgenson and Griliches (1967) have shown that most but not all of the 
growth in aggregate real output can be explained by the growth in factor 
input when secular changes in labor skill and the composition of capital 
goods IS taken into account In this paper I adopt as a maintained 
hypothesis that all disembodied technical change is Hicks neutral In 
order to derive an index of neutral technical change, I compute measures 
of aggregate input and output as Divisia indexes of individual inputs and 
outputs where the weights are value shares The index of disembodied 
technical change is obtained by dividing the index of aggregate output 
by the index of aggregate input This index is then multiplied into the 
initial measures of inputs and output prices in order to obtain measures 
which are adjusted for disembodied technical change 


Esttmaiion Procedure 


I propose to use multivariate regression techniques to obtain maximum- 
likclihood estimates of the set of factor demand and output price equations 
obtained from the GLGL joint cost function If we differentiate the cost 
function with respect to each factor price, we obtain three estimating 
equations for the cost-minimizmg factor demands The following demand 
equation is obtained for the hrst factor 

dC(y,w)ldr = K = + ajiKK.J'z + “n*i,7i v'"*/'' 

+ *i tKuyi + <^22KLJ’2'J‘^1’’ + <^22KMy2'Jpl' 

+ 2a,2KKN/j',.)'2 + 2 a, 2 KLV.Vl^ 2 VW'’ 

+ 2a, jkmn/.)', 72'//>/»■ 


If we differentiate the joint cost function with respect to each output, we 
obtain expressions for the marginal costs of producing each output Under 
comjjetitive conditions and constant returns to scale, these expressions can 
be identified with the respective output prices The following output-price 
equation is obtained for the first output 


dCiy, w)ldyi = Pi = atiKKf + a,,|.tW -I- a,, mm/* + 2a,,KtVr-tt) 

+ 2a,,,£„\/r p + 2a,,i.*,v/Mr7 -I- ai2icx''V72/.)’i 

+ ^\2LL^ n/^i/Ti + 2 a \2f4M pyJ y2ly I 

+ 2a,2xi.V»' “'V^i/.T’I + 2a,2xM\/r 
+ 2a,2tMV«' py/yzlyi 
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Because the five estimating equations contain parameters in common, 
consistent estimates will be obtained only if the individual equations are 
stacked and estimated as a single equation. Suppose we adopt a stochastic 
specification which reflects (1) errors in setting price equal to marginal 
cost and (2) errors in attaining the cost-minimizing factor mpute, by 
adding the classiral disturbance term to each equation. The overall 
variance-covariance matrix of disturbances will be singular, however, in 
view of the accounting identity that income equals output each period. I 
propose to drop one factor demand equation and use the residuals from 
the stacked ordinary least squares (OLS) regression to obtain estimates 
of the “true” variancc-covariancc matrix of disturbances. Disturbances 
drawn contemporaneously from each factor demand and output-price 
equation are likely to be correlated. This follows perhaps because the 
underemployment of one factor may imply a systematic overemployment 
of another factor, and the understatement of the marginal cost of one 
output may imply a systematic overstatement of the marginal cost of the 
other output If we transform the variables so that the transformed matrix 
of residuals becomes an identity matrix, and if we pierform OLS on the 
transformed variables and iterate until the matrix of disturbances 
converges to an identity matrix, our iterative Zellner efficient parameter 
i estimates will possess maximum-hkelihood properucs and be invariant 
[ with respect to the choice of omitted equation * * 


I IV. Empirical Results 

The GLGL form imposes linear homogeneity in factor prices and outputs 
, priori I have also adopted Hicks neutral disembodied techmeal change 
ss a maintained hypothesis The rcmaming important well-behaved 
properties of the technology arc testable hypotheses, they provide some 
indication of the wisdom of using the essentially microeconomic theory of 
optimizing behavior at the aggregate level The joint cost function must 
nondecreasing and concave in factor prices and nondecrcasmg and 
tonvex in outputs These properties will obtain provided (1) dCjdw, ^ 0 
or all r while d^Cjdw, dw, is a negative scmidcfinite matrix, and (2) 
dCjdjyi ^ 0 for all i while d^Cjdyi djij is a positive semidefinite matrix at 
all data points The derived factor demand and output-price equations 
contain parameters in common These parametric restrictions must be 
imposed in order for the estimating equations to be consistent with the 
underlying theory of optimizing behavior While one can view the 
imposition of these “symmetry” restrictions as the efficient use of valuable 
prior information, a comparison of the explanatory power of the model 
with and without these restrictions imposed provides some indication of 


** See Zellner (1962), Kmenta and Gilbert (1968), and Chow and Fair (1971) 
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the validity of the underlying theory. Failure of either the symmetry 
restrictions to pass the conventional statistical tests or the monotomcity 
and convexity properties to hold brings into question the wisdom of a 
variety of standard neoclassical assumptions for aggregative analysis • two 
examples are the complete omission of lags in optimizing behavior as 
reflected in the assumption that relative output prices equal marginal 
rates of transformation, and the assumption of a sufficiently malleable 
capital stock and labor force so that internal efficiency in resource 
allocation is achieved One might also question the validity of the 
maintained hypotheses of constant returns to scale and neutral dis¬ 
embodied technical change 

The first step in the estimation procedure is to drop the import demand 
equation and combine the capital and labor demand equations with the 
two output-price equations to form a single estimating equation with the 
across-equation symmetry restrictions imposed Estimation of this single 
stacked equation by ordinary least squares will yield parameter estimates 
which are not invariant to the choice of omitted equation To achieve 
invariant estimates and to gain efficiency, we construct an estimate of the 
vanance-covariance matrix of contemporaneous disturbances from the 
residuals of the OLS regression and proceed to minimize the determinant 
of this matrix using Zellner’s iterative Aitken estimation procedure The 
constrained iterative Zellner efficient (IZEF) estimates of the 18 free 
parameters of the GLGL joint cost function based upon 88 observations 
appear in column 1 of table 1 

I have already suggested the dual role of the symmetry restrictions on 
the one hand as a source of additional prior information and on the other 
hand as a test of the validity of the specification Without imposing these 
restrictions, we have a set of four separate estimating equations, each 
based upon 22 observations, to explain movements in output prices and 
factor demands There are nine free parameters in each factor demand 
equation and 12 free parameters in each output-price equation The sum 
of squared residuals under the null hypothesis of symmetry can be 
compared to the sum of squared residuals for the unconstrained equations 
The calculated F-statistic is 1 99, while the critical F(24, 46) is 1 75 at the 
5-p>ercent level and 2 22 at the 1-percent level I conclude that there is 
rather strong evidence against symmetry, and this opens up the distinct 
possibility that one or more of the maintained hypotheses of our model 
are invalid for purposes of aggregative analysis 

See Mayer (1974) for further discussion of the short-run implications of sector 
specificity of factor services in the two-sector nonjoint model 

Output prices and quantities and input prices and quantities are undoubtedly 
simultaneously determined at the level of the aggregate economy Therefore, our IZEF 
estimates probably exhibit some simultaneous equation bias Preliminary experimentation 
with Iterative three stages least squares (I3SLS) estimation indicated very little change 
in the point estimates or their standard errors but gave rise to substantial increases in 
computational costs 
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TABLE 1 

ItEKATIVS ZzLLMSa-ETnciBtlT EmMAlTS OF 
Gbnerauzed Lineak-Generauzed Leohtief 
Joint Cost Function 





Separable 

(Implied 


Separable 


General 

Nonjoint 

utimates) 

(Direct Estimates) 

[ 

-120 009 

2 2345 

0 0984 

«ii 

0.0984 

(51 697) 

(0 9051) 

(0 0386) 

(0 0386) 

^ Bull 

r 

0 8768 

1 4632 

0 1157 

“22 

0.0%5 

(42 048) 

(0 5651) 

(0 0465) 

(0 0363) 

1 OtltMM 

-51 151 

-0 5752 

-0 0288 

»12 

0 0275 

f 

(32 569) 

(0 4235) 

(0 0139) 

(0 0283) 

\ «11XI. 

35 076 

-1 3901 

0 2468 

fir. 

2 5093 


(31 870) 

(0 5944) 

(0 0772) 

(1 2784) 

> StIXM 

94 762 

-0 3688 

-0 0421 

fir. 

-0 4277 


(37 417) 

(0 5034) 

(0 0169) 

(0 1399) 

1 ®11LM 

-40 919 

0 7043 

0 0969 

fiwp 

0 9854 

\ 

(24 833) 

(0 3711) 

(0 0245) 

(0 3703) 

■ <‘22KK 

-101 756 

-1 2897 

0 0965 

fi,. 

1 1731 


(39 514) 

(0 6941) 

(0 0363) 


(0 3770) 

«22LL 

-5 3768 

-I 0037 

0 1132 

fi„ 

-0 2928 


(31 659) 

(0 4398) 

(0 0420) 

(0 2085) 


-44 309 

0 4731 

-0 0283 

fir. 

1 000 


(25 069) 

(0 3268) 

(0 0128) 


*31*1. 

34 722 

1 6220 

0 2422 




(24 046) 

(0 4535) 

(0 0637) 



[®33*M 

74 784 

-0 0319 

-00413 




(28 952) 

(0 3908) 

(0 0163) 



«31LM 

-33 475 

-0 1855 

0 0951 




(18417) 

(0 2763) 

(0 0204) 



Sl3KK 

-110916 


0 0275 




(45 165) 


(0 0283) 



>11SL 

-34 886 


0 0322 




(27 653) 


(0 0284) 




-84 379 


0 0689 




(32 910) 


(0 0554) 



Hull. 

2 7739 


-00118 




(36 475) 


(0 0126) 




37 234 


0 0271 




(21 378) 


(0 0247) 



^12MM 

50 785 


-0 0080 




(28 575) 


(0 0074) 



5-W 

1 8345 

1 5164 

0 5598 



ISR 

3 9978 

5 0256 

19 0820 



•E 

)BS 

(0 23838) 

88 

(0 25715) 

88 

(0 48839) 

88 




obic^at'oM «»ndard erron in pairnthran SSR 


" Bum or Bquarrd midiuU, 


Whether the symmetry restrictions should be viewed as valid prior 
uformation or as a test of model specification perhaps depends to some 
xtent on whether the model with the restrictions imposed meets the 
nmimum requirements for a well-behaved technology. Using the point 
Estimates from coiumn 1, we find that the joint cost function is increasing 
and positive semidefimte in outputs for all periods and increasing and 
negative semidefimte in factor prices for most periods of the postwar 
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TABLE 2 

Impueo Point EsmiATEa or Own-Pucb EiJkinamES of Deuand 
AND Aixbn-Uzawa Paktial ELAtncmss OF Substitution 



fljt 

iL 

In 




1946 

-8 061 

-5 242 

-1 056 

17.605 

-0 467 

2.528 

1949 

-3 135 

-4 214 

-0 174 

10 662 

-9 861 

5 746 

1950 

-3 927 

-4 535 

-0 269 

11 469 

-9 613 

6.013 

1951 

-5015 

-4 812 

-0.507 

13.484 

-6 867 

4.829 

1952 

-4 451 

-4 543 

-0 398 

12 772 

-7 173 

4 705 

1953 

-4 555 

-4 398 

-0 425 

12 879 

-6 249 

4.202 

1954 

-0 229 

-3 260 

-0 195 

6 158 

-13 626 

7448 

1955 

-1 415 

-3 667 

-0 039 

8 008 

-12 597 

6 861 

1956 

-0 564 

-3 276 

-0 187 

6 709 

-12 045 

6 547 

1957 

0 031 

-2 905 

-0 430 

5 298 

-11.563 

6.603 

1958 

0313 

-2 171 

-1 579 

2 700 

-9 183 

7506 

1959 

0 231 

-2 464 

-0864 

3 719 

-10688 

7 137 

1960 

0 055 

-2 634 

-0 584 

4 549 

-10.473 

6 396 

1961 

0 224 

-2 292 

-1 002 

3 366 

-9194 

6 538 

1962 

-0 127 

-2 623 

-0 526 

4 571 

-10 642 

6.574 

1963 

-0 373 

-2 754 

-0 388 

5 175 

-10 612 

6.308 

1964 

-0919 

-2 992 

-0 264 

6 355 

-10 154 

5 782 

1965 

-1 265 

-3 138 

-0 204 

6 812 

-10 457 

5 974 

1966 

-2 146 

-3 402 

-0 201 

8 214 

-9 209 

5 318 

1967 

-1 387 

-3 074 

-0 248 

7 105 

-9 207 

5 209 

1968 

-2 016 

-3 189 

-0 264 

8 221 

-7 967 

4500 

1969 

-2 056 

-3 156 

-0 274 

8 227 

-7 760 

4 389 


sample A clearer indication of the charactenstics of the technology is 
obtained from table 2, which presents the estimates of the Allen-Uzawa 
partial elasticities of substitution and own price elasticities of demand for 
each period Thus, despite the large standard errors of 12 of the 18 free 
parameter estimates, which results from the substantial multicolhneanty 
of annual postwar data, the point estimates confirm that the joint cost 
function IS essentially well behaved Perhaps the most interesting feature 
of table 2 is the strong indication that capital services and imports are 
complementary inputs In view of the discussion in Section II, we cannot 
draw any inferences about the effects of tanffs on factor rewards from 
this evidence unless we know whether the technology is separable or 
nonjoint I now proceed to examine the validity of these alternative 
spiecifications and the inferences which emerge from them 


Separability 

For the separable model, changes in input prices have no differential 
impact on the optimum output combination at given output prices, an 

^ ’ The joint cost fitncuon Culs to satisiy the monotomcity and convexity conditions for 
the penod 1957-61, dunng which the own-price elasucity of demand for capital services 
IS positive One possible explanation for this is the possibility of lags in optimizmg 
behavior We fed that a useful examination of lags in opUmizing behavior must begin 
with quartetiy data on factor demands 
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increase in tariffs will reduce imports, and production of both types of 
lutput will contract in proportion Ckmccptually, inputs are combined to 
iroduce an aggregate input which is then allocated between the 
iroduction of outputs, so that the value of its marginal product at the 
iven output prices is equalized among activities Since the optimum 
nput combination depends only upon factor prices, the imposition of a 
ariflF will affect the prices of domestically supplied primary factors m a 
(manner which depends only upon the partial elasticities of substitution, 
s discussed in Section II 

We have seen that the separable technology implies that the joint cost 
unction can be written as the product of what we can call the unit input 
lost function <^(ui) and the unit output frontier H[y) The unit input cost 
unction is identical in form to Dicwert’s (1971) generalized Leontief cost 
unction for a single output and contains six parameters when there are 
hree inputs The unit output frontier has a generalized linear relationship 
etween outputs and contains three parameters when there are two 
utputs However, only eight of the nine parameters are free for estimation 
urposes because the parameters of the joint cost function are the products 
n pairs of the parameters of the input and output functions There is no 
atural measure of a unit of aggregate input, so it makes no difference 
Itvhich of the nine parameters we constrain to be unity I choose to 
lormalize on the coefficient of the price of capital services in the unit cost 
unction, leaving us with eight free parameters The nonlinear estimation 
occdure is to begin with plausible initial values for these parameters 
Btvhich determine the 18 parameters of the joint cost function through the 
jpslem of nonlinear constraints) and to lUratc on these parameters until 
e residual sum of squares is minimized 

Column 3 of table 1 presents the implied estimates ol the 18 parameters 
l^rresponding to the separable model Despite the nonlinearity of the 
stnctions, the F-statistic provides a reasonably accurate test of the 
strictions Adopting the constrained GLGL form as the maintained 
hypothesis, the calculated value of F with 10 and 70 df is 26 49, which 
substantially above the 1-percent critical value of 2 59 Separability is 
erefore decisively rejected as a spiccification of the technology of the 
[gregate producing sector 1 conclude that postwar movements in the 
hlative prices of the two types of output cannot adequately be explained 
terms of c haiiges in the composition of output alone, changes in factor 
■ices are also important determinants of changes in relative output 
•ires 

It should not be surprising to find substantial changes in the point estimates of the 
^rameters when moving from the unrescncted GLGL form to either the norgoint or 
Reparable models In general, the individual parameters have no clear behavioral 
"iterprctation The meresting economic parameters such as price and substitution 
iasticities are complicated functions of these parameters, and these functions change 
■hen the restrictions of separability and noigointncss are imposed 
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Despite the convincing evidence against the separable model, it is 
important to examine the implications of this specification for the income 
distributional effects of tariffs The separable model plays a prominent 
role in macroeconomic models of income determination and growth, 
since It IS the implicit maintained hypothesis of economists who apply the 
one-sector model to situations where several types of output exist (for 
example, consumption and investment goods or tradables and non¬ 
tradables) The easiest way to focus on the specific characteristics of the 
separable technology is to examine the direct estimates of the unit input 
cost function and the unit output frontier, which I have presented in 
column 4 of tabic 1 The first observation to be made is that, with one 
minor exception, the parameter estimates are highly significant and yield 
all the properties of a well-behaved technology Thus, the unit input cost 

function _ 

4>{!£) = S Pr,s/WrW, 

r 5 

IS increasing and concave in factor prices for every period, and the unit 
output frontier _ 

I j 

IS increasing but not convex in outputs, since the point estimate of the 
interaction term ai 2 is positive However, we clearly cannot reject the 
convexity property because of the high standard error attached to this 
estimate 

What are the implications of higher tariffs for factor rewards and income 
distribution arising from the separable modeP Recalling that a„ — 
</>,</>,, It IS easj to compute the following implied point estimates for 
the Allen-Uzawa partial elasticities of substitution for the base period 
1958 = 71, <T,p = —2 12, = 3 18 In Section II I showed that 

if (T„p > <T,p, then real income accruing to capital is reduced and income 
IS distiihuted from capital to labor with higher tariffs Furthermore, 
laborers will actually be made better off with higher tariffs, provided 
a,p — — {a„ — < 0 Making use of the definition of the 

Allen-Uzawa partial elasticity of substitution, this condition can be 
written in terms of the first and second partial derivatives of <j) as 
4>rpfl>w - <f>«p<l>r - {<t>rr<py, “ < 0 Using the point estimates, 

this expression takes the value of — I 86 for 1958 The precise standard 
error for this statistic has not been calculated because of the nonlinearity 
of the expression in the parameters However, we have tentative evidence 
from the separable model that higher tariffs actually make labor better off 

We see that <7,, = Therefore, provided the technology is well behaved, 

sign a,, = sign The evidence regarding complementarity between capital and 
imports IS decisive because of the low standard error attached to Furthermore, we 
decisively reject the hypothesis that the input function is separable with respect to a 
partitioning between capital and labor on the one hand and imports on the other (i.e , 
the hypothesis that a„p » a,p) 
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Nonjointness 

The unrestricted GLGL form is sufficiently general to explain changes in 
output prices and factor demands in terms of changes in factor prices and 
changes in the composition of output The special case of nonjoint 
production implies that output prices are determined by factor prices 
alone, and that aggregate factor demands are just the sum of individual 
sectoral demands The joint cost of producing any vector of output under 
these conditions can be written as the sum of unit costs for each sector 
weighted by the respective levels of sector output C(2, w) =J'iC‘(w) + 
where each unit cost function has a generalized Leontief form 

Column 2 ol table 1 presents the estimates of the 12 free parameters 
of the nonjoint model Adopting the GLGL form with the symmetry 
conditions as the maintained hypothesis, the calculated value of the 
F-statistic with 6 and 70 df is 3 07, which is precisely equal to the critical 
value of 7'" at the 1-percent level The evidence therefore indicates that 
changes in the relative prices of the composite outputs we distinguish 
cannot be explained adequately by changes in factor prices alone, 
nevertheless, the nonjoint model performs better in explaining the data 
than the separable model 

We should not be too surprised by the statistical evidence against the 
nonjoint model The disaggregation of output into two composite types 
which are assumed to be produced separately using primary factors is a 
convenient analytical device, and it is likely to be an appropriate empirical 
assumption the more closely the production processes for the diverse 
individual outputs being aggregated to form the composite output are 
similar in their primary-factor intensities Strictly speaking, the existence 
of consistent measures of composite outputs from the standpoint of 
production theory requires that the separate production processes be 
identical for each individual output being aggregated to form the 
composite output ^ ’ Viewed from this perspective, our choice of composite 
outputs IS unlikely to meet these requirements or even approximate them 
The two types of output we aggregate to form the nontraded-goods 
fcategory, namely nongovernment services and structures, typically 
^exhibit substantially different primary-factor intensities, many services 
^tend to be highly labor intensive, while structures require large amounts 
lof physical capital The aggregation of durables and nondurables to form 
the traded-goods sector is perhaps less susceptible to this cnticism I 
^conclude that, while a more detailed view of the economy and perhaps 
even a different two-output aggregation criterion might support the 
validity of the nonjomt model, there may be serious specification errors 
involved in using the nonjoint model based upon a two-output categoriza¬ 
tion of the economv’s output into tradables and nontradables 

More accurately, the production functions must differ by at most a neutral scale 
factor 
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^Despite the statistical evidence against this ^rt.cuJar nonjomt 
specification, a detailed examination of the speafic characteristics of the 
nonjoint model is warranted for two reasons- because the evidence 
against it is not nearly as overwhelming as the evidence against 
separability, and also because the disunction between the nonjoint 
production model based upon tradables and nontradables is frequently 
employed by theorists in discussing issues such as devaluation in inter¬ 
national trade I now focus on the implications of the parameter estimates 
of the nonjoint model for the income distributional effects of tariffs. The 
fxiint estimates indicate that nontraded goods (services and structures) 
are labor intensive since |5l = ~ ^ici^Li > 0 ** In addition, 

services and structures have a lower import requirement per dollar of 
final output From the analysts of Section II I conclude that higher 
tariffs distribute real income from capital to labor The reasoning behind 
this conclusion is that higher tariffs tend to raise unit costs more 
substantially m the traded-goods sectors because of their higher import 
requirement But since these sectors tend to be capital intensive and since 
final output prices are fixed by assumption, then the change in primary- 
factor prices needed to restore unit costs involves a reduction m rental 
rates and an increase in wage rates 

The nonjomt model is less successful in explaining the substitution 
possibilities among inputs for each output category Using the point 
estimates, neither sector exhibits all the properties of a well-behaved 
technology The cost functions fail to be concave in factor prices for 
either sector, because two of three terms are negative (i = l,2,r / s), 
although we cannot reject concavity for either sector ^ ’ The cost function 
for nontraded goods also fails to be a monotonic increasing function of 
factor prices because of the implied negative impiort demand requirement, 
although we cannot reject monotonicity statistically Perhaps the most 
interesting feature of these results is the derisive evidence that the cost 
functions for each sector differ substantially We must reject the null 
hyjxithesis that the technologies are identical between the two sectors 


In the base period 1958, when all commodity and factor prices are unity, factor 
shares are conveniently expressed as the sum of appropriate parameters as follows 

= ®IIX* + ®IIXL + ’’lIXM, = *111.1 + *11*1. + *II1.M> = *IIMM + ®II*M + ^IILM 

Using the point estimates from table 1, column 2, we find that »ti = 77, = 47, 

0L2 = 43, ®*j = 30, from which \0\ = + 0289 Despite the nonimearity of this 
statistic in the parameters, we can compute the approximate standard error from the 
formula E{6 — fl)* = J, where is the vanance-covariance matrix of estimated 
coefficients, and J is the vector of partial derivatives of 6 with respect to the parameters 
evaluated at their estimated values (see Goldbcrger 1964) We obtain a calculated 
standard error of 00873 from which we conclude that 8 is significantly greater than zero 
It IS also easy to verify bv a similar procedure that ^*iI7mi — ^ks^mi <■ significantly 
greater than zero 

Only one pair of inputs can be complements when there are only three inputs Also, 
sign o). = sign 



iiUUFiv AND maoNE mnsaunoN 


posed by constraining a,,„ » tXj 2 „ for a/J r, s) This should not be 
surprising, since such a restriction is actually a special case of the 
parable model in which the trade-off between outputs is linear, and we 
ave already rejected the more general form of separability 


y>ecial Restnctions 

he negative and significant estimate for ijcl particularly disturbmg 
_ecausc it implies the rather implausible possibility that capital and labor 
lare complementary inputs for the nontraded-goods sector This may be 
the result of aggregating over two types of output (services and structures) 
iwhich have substantially different primary-factor intensities Suppose 
instead that we interpret this result as an indication of very limited 
flexibility in the choice of technique for this sector and impose the 
restrictions that all partial elasticities of subsUtution arc zero in the 
production of nontradables This means constraining the parameter 
estimates for ,jfi, a, i**,, a, to be zero and gives rise to the estimates 
presented in column 1 of table 3 The restrictions on input substitutibility 
make all but one of the remaining free parameters highly significant and 
the technology for the tradable-goods sector completely well behaved It 
ialso yields a marginal improvement in the Durbin-Watson statistic In 
ddition, the calculated F-statistic with 3 and 76 df is 2 42, which is below 
he 5-percent critical value of 2 73. I conclude that we cannot reject the 
ull hypothesis of zero substitutibility in the nontraded-goods sector One 
teresting feature of this model is the indication that, for the tradable- 
ods sector, capital and labor are close substitutes while capital and 
ports are complements These properties resemble those obtained for 
e one-sector (separable) model, and this is not surprising since our 
strictions force all flexibility in the choice of inputs upon the one 
ctor The final point to observe about the estimates for this case is 
ritical for purposes of making inferences about the income distributional 
'ects of higher tariffs Using the point estimates, we find that fl = 
L\^Ki ~ ^K\^L 2 < implying that services and structures arc capital 
tensive This reverses our previous results and suggests that higher 
riffs raise real rentals and lower real wages 

One of the problems with both the general nonjoint model and the 

Identical cost tunctioru for each type of output implies only six free parameters The 
idual sum of squares under this restriction is 39 64, and the calculated ^-stausuc with 
and 76 df is approximately 88 0, implying decisive rejccUon of this hypothesis. 

” For the nonjomt model, «<„ = €‘0.10.0. where C, O, O are all poouve for a 
11-behaved technology Therefore, sign ai.. = sign 

Using Ae estimates presented in column 1, table 3, we find 8 ^ •= 72, fli, = 52, 

1 = 47, ■= 26 from which we calculate \9\ - - 0572 Usuig the procedure 

timed in n 26 abov>, the approximate standard error for this statistic is 0022, fiom 
jch we condude that |j>| u significantly leas than zero This^ coupled with similar 
dence tlut 8 ^ 18^1 — 8 ^ 18^1 is sigmficanUy greater than zero implies strongly that 
gher tanno make owners of capital services briter off 
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TABLE 3 

IZEF Estimate* op GLGL Joint Cost Function 
UNDER Alternative Substitution Restrictions 



Fixed 

Coefficients 
for Services 
and Structures 

Imports Only 
in Durables 
and Nondurables 

Imporu 
Separable from 
Primary Factors 

Fixed 

Coefficients 


51934 

I 13837 

«ll*l «I1*M 

.50328 


( 02894) 

(8262) 

“llLM 

(0508) 

*ltLL 

72494 

1 60994 

^IIKL 

56968 


( 02521) 

( 9186) 

‘tl IKM 

(0468) 

IWM 

- 23384 


1 2450 

- 04848 


( 01975) 


( 2507) 

( 0374) 

^IIXL 


-085617 

0 65819 




(8718) 

(0601) 


“l IKM 



-0 74752 





( 0958) 


*1 ILM 



-0 69482 





( 1468) 



- 02742 

-0 76540 

a22Ki^ 

28973 


( 04705) 

( 6378) 

^22LM 

( 0407) 

<*12LL 

- 45027 

- 1 05505 

“IJEI. “IILM 

59084 


(05671) 

(7117) 


(0403) 


21878 

-0 05563 

-0 89010 

09613 


( 02684) 

{ 0236) 

( 1865) 

( 0298) 

‘‘22KL 

59229 

1 30594 

-006122 



( 04342) 

( 6717) 

{ 0364) 


^22KM 

- 29706 

-0 07241 

0 26653 



( 02918) 

( 0370) 

( 0775) 


^22Lt4 

33001 

0 18882 

0 84830 



( 02540) 

(0371) 

( 1057) 


D-\V 

1 5709 

0 8182 

0 9851 

0 2505 

SSR 

5 5055 

15 0938 

10 0327 

39 6424 

sf 

( 26399) 

('43711) 

( 35413) 

( 69530) 

OBS 

88 

88 

88 

88 


Notf Stantlanl errors m parentheses SSR =■ sum of Mjuared reHiiluals, OBS * observatiuni 


special zero-substitution case above is the implausible implication that 
the import requirement for the nontraded-goods sector is negative In the 
latter case, this aspect is particularly disturbing because the negative 
point estimate is highly significant The operational consequence of this 
result IS that the least-cost input vector for a dollar of final output of 
services and structures at the given input prices actually consists of zero 
imported inputs and presumably more of both capital and labor services 
One might argue that our model should therefore explicitly incorporate 
the restriction that no factor input requirement can be negative It is also 
worth pointing out that the national-income accountant’s treatment of 
all merchandise impiorts as final goods implies that no imports are 
required for the production of services and structures 

To test the restriction that imports enter only as inputs m the production 
of durables and nondurables, wc set ochkm ®iilm ^ <’‘iimm ~ 
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this gives nse to the estimates presented in column 2 The calculated 
F-statisUc corresponding to the null hypothesis is distributed with 3 and 
76 df and takes the value of 50 7 This is substantially above the l-percent 
critical value of 4 06 and implies rejection of the null hypothesis that 
imports enter only as inputs for the production of tradable goods (durables 
and nondurables) Nevertheless, it is interesting to note that this restriction 
! has the force of removing the negative and significant estimate for the 
' elasticity of substitution between capital and labor in the nontradable- 
; goods sector (services and structures) The point estimate for a,,|f£, 
remains negative, but it is insignificant from zero It is also worth pointing 
out that the indication of substantial flexibility in the choice of technique 
for the production of tradables remains true for this model Capital 
services and imports appear to be complementary inputs, while capital 
and labor are highly substitutable Finally, nontradable goods appiear 
from this model to be labor intensive, as was the case for the general 
nonjomt model Higher tariff's would then appear to distribute income 
from capital to labor, if this model were valid 

I have examined two technological restrictions on the nonjoint model 
in an effort to gain further insight into the specific character of the 
technology for each sector This procedure is motivated by the failure of 
( the unconstrained nonjoint model to exhibit all the characteristics of a 
well-behaved technology 'While the restrictions I have imposed have no 
strong a prion claim to empirical validity, it is useful to examine their 
implications for other characteristics of the model, we can also obtain a 
' reasonable indication of the empirical validity of the restrictions if we be- 
; lieve the classical theory of statistical inference I now proceed to examine 
two further restrictions on the nonjoint model before concluding the paper 
When the technology is nonjomt, it is useful to examine wheiher 
imported materials are functionally separable from pnmary factors 
(capital and labor) m each productive process This property has been an 
implicit maintained hypothesis of previous efforts to estimate economy¬ 
wide value-added production processes Without this separability 
property, a consistent index of value added docs not exist for each sector 
Separability between primary factors and imported materials implies 
equality between the partial elasticities of substitution between imports 
and capital services on the one hand and imports and labor services on 
the other In terms of the parameters of the nonjomt model, the 
following two sets of mildly nonlinear restrictions obtiun <Xiiiigla.iiicL = 

(* = 1.2)^^ Column 3 of table 3 presents the 
See Bcmdi and Chnstensen (1973) 

Separability between pnmary factors and imported matenals in the two-sector 
nonjomt m^el implies the conditions (i « 1,2) For the GLGL form 

. \ = l> ^u^%parameten (ot idenucal terms gives the condiuons in the1^^ ' 

MMestion numhera 
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esumates of the eight free parameters corresponding to the nonjoint 
model with imports separable from capital and labor in both sectors The 
calculated F-statistic with 4 and 76 dfis 19 0, which is above the 1-percent 
critical value of3 58, implying rejecOon of the null hypothesis of functional 
separability of imported materials for both sectors. Despite the evidence 
against this restriction, it is interesting to note that it actually reverses the 
degree of capital-labor substitutibihty between the two sectors Neither 
sector exhibits the characteristics of a well-behaved technology with this 
restriction impiosed, and the income distributional effects of higher 
tariffs are reversed, the return to capital increases with higher tariffs 
since services and structures are capital intensive 

The generalized Leontief form becomes a fixed coefficients technology 
when all off-diagonal parameters are zero To test the hypothesis of zero 
input substitution in both sectors, we set a,,,, = 0 whenever r # s, and 
this gives rise to the estimates presented in column 4 of table 3 The 
calculated F-statistic corresponding to the null hypothesis is distributed 
with 6 and 76 df and takes the value of 87 6 Since this is substantially 
above the 1-percent critical value of 3 07, we must decisively reject the 
null hypothesis of a nonjoint, fixed-coefficients technology It is worth 
observing that the esumates corresponding to this model also imply that 
services and structures are relatively capital intensive while using 
relatively little imported materials The inference from this model again 
IS that higher tariffs distribute real income from labor to capital 


V. Conclusion 

The results of this paper regarding the income distribuUonal effects of 
tariffs are somewhat inconclusive Both special forms of the technology 
which have frequently been adopted as maintained hypotheses in previous 
theoretical and empirical work are shown to be of questionable validity 
for purposes of aggregative analysis If, however, either form is adopted 
a prion, then they yield similar implications regarding the factoral 
protection afforded by the U S tariff Both the separable and the 
unrestricted nonjomt models imply that higher tariffs distribute real 
income from capital to labor for the postwar U S economy The reasoning 
behind tins result differs for each model For the separable technology. 
It is purely a consequence of the evidence of complementarity between 
capital services and impiorts (higher tariffs raise import prices and 
stimulate the demand for labor services while reducing the demand for 
capital services) This suggests that the goods which the United States 
imports require relatively large amounts of labor input and relatively 
litde capital input if produced locally For the nonjoint technology, the 
sector that is labor intensive (services and structures) also uses relatively 
little imported materials This means that higher tariffs tend initially to 
raise unit costs more in the capital-intensive sector (durables and non- 
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durable*). Since output price* are fixed by the assumption of price-tajdng 
behavior, the ultimate consequence of this is that rental rates must fall 
and wage rate* must rise to restore equilibrium. 

The inference* obtained from both the separable and nonjoint models 
must be regarded with some skepticism, because if we proceed from the 
maintained hypothesis of the general GLGL joint cost funcUon, both 
forms are rejected statistically at the 5-percent level The evidence against 
nonjomtness is not nearly as strong as that against separability. However, 
we find that the inferences about factoral protecUon are very sensitive to 
special restrictions imposed on the nonjoint model in an effort to isolate 
the specific charactensUcs of the technology for each sector The most 
dramatic example of this occur* when we adopt the assumpuon of 
zero-input substitutibility for the services and structures sector This 
restriction cannot be rejected statistically, and yet it actually reverses the 
factor-intensity condition, suggesUng that services and structures are 
capital intensive The consequence of this is that higher tariffs distribute 
income from labor to capital rather than vice versa! The sensitivity of 
estimated factor intensities to prior restrictions is not too surprising since 
It IS an open empirical question whether services and structures treated 
together are on balance relatively labor intensive vis-i-vis the rest of the 
economy We may be guilty of a serious misspeafication error in lumping 
two categories of output whose factor intensities differ dramatically 

Finally, we add the caveat that our inferences arc as valid as the 
assumption of exogenous output paces If one of our outputs is indeed a 
nontraded good, then its price is endogenously determined in a complete 
general equilibrium model which includes the consuming sector It is 
interesting to consider how the endogeneity of the price of nontradables 
would alter our inferences First, nothing changes within the context of 
the separable model, since any changes in output paces have no impact 
on factor prices For the nonjoint model, the income distabutional effects 
will be cither reinforced or partly offset by any subsequent market-cleaang 
‘ change in the price of nontradables The effect of higher import paces 
Son the output mix at given output prices depends on elasticities of 
substitution as well as factor intensities, and our empiacal estimates are 
f quite ambivalent about this matter However, it can be shown that if all 
^ inputs are substitutes in both sectors, and if higher tariffs raise wages and 
lower rentals, then the output of nontraded goods will expand if it is 
; labor intensive Thus, higher taaffs will create an initial excess supply 
'of nontraded goods, a subsequent reduction in the relative pace of 

’ ’ Th' effects of higher import pnees on outputs can be determined from total 
differenUaUon of the full-employment conditions >,C,i + > 2 Cd =• L, and + 
= R Letting dwjdp = <J, and drjdp = the following expressions are obtained; 

where 

a _ CwC, — C,Cw > 0 if the first sector is labor intensive In these expresnom, 
> 0 when capital and labor are subsUtutes. Assuming > 0 and 
i, < 0, It IS easy to venfy that dytjdp > 0 whenever all inputs are substitutes. 
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nontradablcs, and a partially offsetting reduction in wage rates. The 
secondary changes in factor pnees are unclear whenever there is some 
complementarity in the use of factors in either sector Because we have 
some evidence of this, I prefer to conclude the paper on the rather agnostic 
note that precise knowledge of factor intensities and elasticities of 
substitution IS needed in order to draw complete and accurate inferences 
about income distributional effects when one good is not traded 
Nevertheless, the “first-order” effects of higher tariffs measured in this 
paper are likely to be accurate the more the producing sector approximates 
a price-taking firm 
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stments in Human Capital 


ders Klevmarken 


■stff ofStockholm 


bhn M. Quigley 


'ale Umversity 


This paper explores the distinction between physical age and experience 
within the context of the human capital model of earnings determination. 
We extend the human capital model to distmguish the investment 
behavior of age-experience cohorts and to incorporate the effects of 
calendar time. Several alternative models are developed which are 
empirically tested based on a unique body of data (on Swedish engineer¬ 
ing graduates) reflecting the earnings of cohorts with idenbcal edu¬ 
cational qualifications cross-classified by age and experience for a 
10-year period. The results clearly mdicate the necessity for dutmguish- 
ing between experience and age in analyses of mvestment in human 
capital and are consistent with the interpretation that younger members 
of the same experience cohort are more cflicient in produemg human 
capital The analysis also indicates the sensitivity of mvestment profiles 
to a prion restnctions on functional form and detects an inflection pomt 
in earnings increases consistent with Becker’s original formulation of 
human investment theory 


^ost studies of the human capital investment process relate cross-sectional 
pirnings profiles to schooling levels and years of experience, usually 
tneasured by calendar age. In this paper we analyze the conceptual dis¬ 
tinction between calendar age and years of experience m explaining 
Investment behavior and in interpreting earnings profiles. 

This distincUon was first noted by Mmcer (1970) in his classic review 
irticle, It IS also an integral part of his most recent work (Mincer 1974), 
where he shows that identical experience profiles of investment can lead 


I Facilities for thu research were provided by the Industrial Institute for Economic and 
Social Research, Suvkholm, and die NaUonal Bureau of Economic Research. This paper 
is not, however, an official document of either organizaUon. We arc grateful to Gary 
Fields and Enc Hanushek for useful discussions 
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O 1976 by Th« Uoivenity of Chicsto AH nghn raorved 


g JOURNAL OF POLmOAL ECONOMY 

to substantial differences in agc-cammgs profiles if individuals receive 
unequal amounts of schooling 

Our analysis goes one step further in considering the investment 
decisions of individuals who receive identical amounts of schooling but 
complete their schooling at different ages Variations in the age at which 
schooling IS completed are substantial, at least for graduate education 
For example, Harris (1972, p 89) reports that the mean time elapsed 
between baccalaureate and doctorate degrees in the United States is 
about 10 years, with a standard deviation of 6 years. Harris also presents 
separate estimates of the mean and standard deviation of time elapsed 
between baccalaureate and doctorate degrees for 13 fields of study The 
coefficients of variation range between 45 (for physics) and 56 (for 
mathematics) There is also evidence of considerable variation in the age 
at which bachelor degrees are awarded * 

In this paper we indicate, by extending Mincer’s analysis of the human 
capital model, how investment behavior and capita] depreciation depend 
on both age and years of experience even for individuals with identical 
quantities of education A general model is developed (Sec I), distin¬ 
guishing between cohort and cross-sectional earnings profiles, which 
relates observed earnings to investment and disinvestment in human 
capital, to returns from the human capital stock, and to those secular 
increases in productivity which arc unrelated to investment behavior 
By making alternative assumptions about these factors, we derive two 
specific models for subsequent testing (Sec II) The models differ in 
generality, making possible an assessment of the realism of several under¬ 
lying assumptions 

In Section III the models are esumated separately for two populations 
using annual cross sections of earnings classified by age, years of experi¬ 
ence, and calendar year For several reasons described below, the data 
(obtained from annual surveys of all engineering graduates in Sweden) 
are particularly well suited to testing the theoretical model 

In the analysis of Sections IV and V, the estimated earnings profiles 
are first presented, followed by an analysis of the implied human capital 
investment behavior The framework also allows an investigation of the 
differentiation of starting salanes for cohorts which enter the full-time 
labor market at different ages 

I. The Economic Model 

According to human capital theory, individuals make conscious or 
unconscious decisions to invest in their own productive capacity Indi- 

' E g , a sample of U S graduate students analyzed by Davis revealed that more than 
one-third were not between the ages of 21 and 23 when they completed their under¬ 
graduate education The mean age was 23 years, with a standard deviation of 3 years, 
and 4 percent of the sample received bachelor degrees at age 20 or younger (Davis 1962, 
p 183) 
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viduals invest first in length and type of schooling. After entering the 
labor market, they make additional investments in training, health care, 
and possibly additional formal schooling These human capital invest¬ 
ments and their rates of return arc important determinants of individuals’ 
earnings profiles 

In its simplest form, the human capital model postulates that 

Ej = £y_i -f- (1) 

where Ej is potential earnings of an individual with j years of experience, 
that IS, the earnings obtainable if no resources are used for investment in 
human capital in the jth year, Cy_j is the amount by which potential 
earnings are reduced by human capital investment in thej — 1th year 
of experience, and ry_ j is its correspionding marginal rate of return 

The postulate of diminishing returns to the production of human 
capital in any period implies that gross investment in human capital will 
be spread out over the working life In addition, even if the marginal 
cosl-of-investmcnt curve facing an individual were identical during each 
period of possible investment activity, the finiteness of working life would 
ensure that the marginal revenues of later investments were lower than 
those of earlier investments Taken together, these considerations imply 
that the profile of human capital investments throughout the working 
life will generally be declining 

Several factors complicate this simple relationship between earnings 
and human capital investment, including (1) the depreciation of human 
capital, (2) the complex dependence of human capital investment on 
“ability” and physical age as well as years of experience, and (3) the 
presence of physical capital 

1 As an analogue to physical capital, human capital is subject to 
deterioration The existence of retirement alone jxiints to this conclusion, 
but the precise level of age-related depreciation probably vanes with an 
individual’s occupation or industry For example, it is widely observed 
that piece-rate output declines for older workers, and we may expiect 
mental abilities to decline at some point in analogous fashion Knowledge 
and skills may also become obsolete Thus, depreciation may be related 
to the vintage of the human capital stock 

2 In the “naive” formulation of equation (1), physical age and 
experience are used interchangeably But even if we consider a population 
with given educational qualifications, the “naive” formulation would 
only be appropriate (a) if all individuals were continuously employed in 
the labor force after completing schooling and (6) if all individuals 
completed schooling and entered the labor force at the same age 

The well-known problems of applying the human capital model to 
females illustrate the first qualification For females, the cloudy relation¬ 
ship between physical age and years of experience, coupled with our 
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Fig 1 —Hypothetical frequency distribution of graduation age for a cohort of workers 


Ignorance of human capital investment behavior during periods of non¬ 
participation in the labor market, makes the “naive” model inapplicable ^ 

However, even if all individuals were continuously employed after 
completing schooling, variations in the age at which schooling is completed 
will still complicate the analysis 

For postsecondary education, real variations eiust in the age at which 
training is completed and individuals enter the full-time labor market 
Variation in graduation age is most pronounced for holders of advanced 
degrees, but there also exists variation in the age of completion of most educa¬ 
tional qualifications Individuals may “drop out” for long or short periods 
on the way to their degrees, their training programs may be interrupted 
by military service, or circumstances may necessitate their taking part- 
time jobs on the way to completing their educational qualifications 
Figure 1 presents a hypothetical frequency distribution of age at 
graduation for a cohort of workers If we stratify the distribution in 
figure 1 into, say, three groups—a “quick” group, composed of those who 
are younger than “normal” at graduation, a “normal” group, who 
graduate at the “normal” age, and a “slow” group, composed of those 
who are older than “normal” at graduation—we may roughly charac¬ 
terize the individuals in each group in the followung way The “quick” 
group IS made up of students who are more efficient in learning than 
average but who graduate with no previous labor market experience, the 
“normal” group contains students of average ability who graduate with 
no (or very little) previous labor market experience, and the "slow” group 
contains those who are perhaps less efficient in learning than average but 
are often those with additional labor market experience In general, one 
would expiect that students who are efficient in learning are also efficient 
in productive work For this reason their potential starting salaries would 
tend to be high However, previous labor market experience would also 
increase their potential starting salanes 

^ See, e g , Mincer and Polachek (1974) for an application of the theory to female 
earnings 




fic 2—Marginal costs and revenues for younger and older workers with the same 
experience 


1 The quick group should thus have a relatively high potential starting 
jalary But it is more difficult to say anything about their observable 
lartmg salaries, since, with greater efficiency in learning, they should 
jvest more in human capital than the others The slow group may also 
eceive relatively high potential and actual starting salaries as a result 
' their previous labor market expenence 

Figure 2 illustrates how physical age also influences postschool 
Ivestment behavior The diagram indicates that depreciation of human 
ipital and variations in age and exj>enencc can affect analyses of human 
Ipual investment profiles by altering the marginal cost-of-mvestment 
irve and/or the marginal revenue curve faang different cohorts of 
idividuals 

At the same level of experience, there are at least three factors which 
ay cause the marginal cost curve facing an older worker to he above the 
irve facing a younger worker First, if the age of an individual is an 
iput m the production function for human capital and its marginal 
toduct IS negative, then celens panbus the cost of human capital will be 
«ater for older workers Second, if age at graduation measures efficiency 
r learmng, then the marginal cost curve for older workers will he above 
* curve for younger workers Third, if the production function for 
liman capital includes the current capital stock as an input (see Ben- 
brath 1967, 1970), then any age-rclatcd depreciation, will reduce the 
prrent stock more for older than for younger workers 
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The effect on the marginal revenue curve is more straightforward At 
a given level of experience, the marginal revenue curve is lower for older 
workers If all individuals retire from employment at a common age, the 
marginal return from any investment is lower for older workers However, 
even if the age of retirement is variable, the marginal revenue curve for 
older workers will be below that for younger workers if depreciation is an 
increasing function of age ^ In addition, if those with more “ability,” as 
measured by age at which schooling is completed, have lower depreciation 
rates, this is another reason for exjiecting lower marginal revenue curves 
for older members of an experience cohort 

All of these factors suggest that investment ratios decline with experience 
and with age But this tendency for declining investment ratios need not 
logically exist for all intervals in the range of age and experience for all 
individuals For example, if there are intervals where productivity in 
learning grows fastei than productivity in earning, investment ratios may 
increase Presumably, these intervals occur during the early years in the 
labor market, if at all (see Mincer 1974, pp 13-16) * 

3 for individuals who enter the labor market in different calendar 
years, we may expect starting salaries to vary, causing shifts in earnings 
profiles In the short run, these variations m starting salaries are responsive 
to supply and demand conditions in particular labor markets In the long 
run, however, the systematic increases in starting salaries accruing to 
those entering the labor force later but with the same embodied human 
capital reflect economic growth, that is, increases in physical capital, its 
productivity and organization, and other factors distinct from human 
capital investments Similarly, the increases m earnings received after 
entering the labor force depend on net investments in physical capital 
as well as the returns to human capital investment 

We now extend the human capital model to confront these issues First, 
we develop a formal framework to incorporate depreciation of human 
capital, variations m experience and physical age, and variations in 
initial salaries By making a number of specific assumptions, we derive 
two estimable models which are investigated below in several variants 
1 he general model is develofied by describing several definitional 
relationships among potential starling salaries, potential earnings, and the 
actual observable earnings received by individuals m the labor market 
Define the potential starling salary (i e , the starting salary obtainable if 

^ Only in the special case where depreciation is at a constant rate and retirement age 
IS variable would the marginal revenue curves coincide 

* .Since the theory implies that there is a secular but not necessarily rnonotomc decline 
in investment rauos with age and experience, empirical analyses which impose some 
“convenient” functional form (e g , linear in e-xperience) throughout the age or experience 
range are unlikely to detect intervals where investment ratios are increasing, if they exist 
at all Indeed, the empirical results reported in Sec IV allow an investigation of this 
question 
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no resources are expended in human capital investment) for individuals 
who entered the labor force in year b at the age of as 

^hkoO “ ^OkaO 



where £o*oO ** ^ function of and simply the rate of increase of 

the starting salary between year i — 1 and t 

Define the potential earnings (i e , the salary obtainable if no resources 
are expended in human capital investment) at time b + j after j years 
oi experience for those who entered the labor force at age k^ as 


^bkoj ~ ^bkai-A^ + Pbkoj + 0- 1 - 1 ‘^bkoj-i )]. (3) 


where is the rate of increase in potential earnings independent of 
investments in human capital, Ty. , is the rate of return to the previous 
year’s investments, is the investment ratio^ (i e , the ratio between 

the previous year’s investment in human capital and potential earnings 
for that year), and , is the corresponding depreciation ratio 

Since by definition human capital investment in any year is the 
difference between potential earnings and observable income, 

^hkoj ~ ^t>koj(^ ~ ^bkoj)’ (■^) 


the basic model can be stated simply as 


^bkoj ~ ^OkoO ^’tp 


(S 


(1 “ ^bkoj) 


( 5 ) 


J 

^ JI + Pbkoi + ~ 


tey taking the natural logarithm of both sides of equation (5), the following 
■approximate expression is obtained 


log YbkoJ - log EokoO + PtkoO + ^ Pbkai 
>= 1 1=1 
J 

2 ''l-l(‘^6*ol-l “ ‘^bkoi-\) ~ ^bkoi 
1 = 1 


( 6 ) 


K Equation (6) expresses in a general form the relationship among the 
ftbserved incomes obtained by individuals, their starting salaries, their 
Kuman capital stocks, and the rates of return to their human capital 
■nvestments 


The terminology and the formulaUon of investment and depreciation ratios are due 
Becker and Chiswick (1966) 
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To derive an estimable model from equation (6), we must impose specific 
assumptions about the functional relationships implied by P, c, d, and E. 
Assumptions 1-5 below yield two sjjecific and plausible forms of the 
general model 

Assumption 1 rates of return, r 

r, = r (7 1), (7 II) 

For both models we assume that the rate of return to human capital 
investment is the same for all years of experience, equivalently, there 
exists a market for human capital This assumption is commonly and 
almost uniformly adopted in empirical applications of the human capital 
approach 

Assumption 2 rates of earnings increase unrelated to investment, P 

Pikoj = fo*" a** *o> and j > 0, (8 I) 

foralltandj > 0 (8 II) 

For model I we assume that the rate of increase in earnings independent 
of investment in human capital is constant Thus we abstract from changes 
in the growth rate of the economy cyclical changes in the rate of earnings 
increase or particular features of narrowly defined labor markets This 
simplification may seem unrealistic, but no bias will be introduced into 
estimates of cohort age-earnings profiles as long as P,^^j is independent 
of years of experience, j 

For model II we allow the rate of increase to vary systematically with 
graduation age This extension is included because, as we noted above, 
graduation age may be an indication of “ability”, more-able individuals 
are more efficient in utilizing new capital equipment, new methods of 
production, and so forth 

Assumption 3 investment profiles, c 

‘^bkoj = CiU) + ‘'2(^). k = + J, (9 I) 

Cbkoj = k) (9 II) 

For model I we assume that the investment ratio can be expressed 
additively as two separable functions, one relating experience and one 
relating age to investment behavior This implies that the difference in 
gross investment ratio between two workers of the same age but at 
different levels of experience does not systematically depend on their age, 
and vice versa Figure 3 illustrates this property of model I in the case of 
linearly declining investment ratios The C,C, in the figure represents 
the profile of investment ratios as a function of experience To this we add 
the profile of investment as a function of physical age The three dashed 
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Fio 3 —Alternative models of capital investment 


I ICS represent the resulting profiles of investment ratios for three 
'pothetical groups of individuals, those who graduate when they are 
lUnger than the normal age (“quick”), at the normal age (“normal”), 
id older than the normal age (“slow”) The profiles are all parallel, 
the difference in graduation age between the quick and normal groups 
the same as between the normal and slow groups^ the profiles arc also 
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equidistant If the investment ratios are nonlinear functions of experience 
and age, respectively, the profiles will no longer be parallel, but the 
difference between any two profiles will still be independent of experience 
For model II, we allow for interactions between age and experience 
This IS illustrated in figure 3 for the case of linear functions In this 
hypothetical figure, those who graduate relatively younger have a higher 
initial investment ratio than those who graduate at an older age, and 
their profiles have a smaller slope Our theory suggests that the first group 
invests more than the second This, however, does not necessarily imply 
that the investment rate is higher, since the potential starting salary may 
well be higher for those who graduate when they are vounger 
Assumption 4 depreciation profiles, d 

= <^i(j) + rfaW, (101) 

d,,,, = d{j,k) (10 II) 

Human < apital may depreciate in several ways, due to the obsolescence 
of skills or the deterioration of mental and physical capacity Both models 
recognize deterioration bv relating annual depreciation to physical age 
In addition, since much of postschool investiiient is made during the first 
years in the labor market, years of experience reflect the obsolescence of 
capital of a given vintage, that is, it measures the elapsed time since 
schooling and most of postschool investments were made 

We expect the profile of depreciation rates to be nondecreasing, the 
functional relationships for models I and II parallel those described for 
the investment profile 

Assumption 5 potential starting salatles, E 

log'fi'MoO = o( + + r ^ [c^{k) - d^{k)], (11 I) 

ft -0 

log + \fi{ko}]b (11 II) 

For model I the assumption implies that cross-sectional log earnings 
profiles will exhibit a parallel shift between any two years ® Model I 
emphasizes the possibility of labor market activity (and human capital 
investment) prior to graduation, the specification assumes that those who 
are older when they graduate have invested more in human capital than 
those who are younger and thus receive higher starting salaries 

For model II the rate of increase in starting salaries is a function of 
graduation age The assumption implies that potential and observable 
starting salaries may vary quite generally with graduation age, Aq 

® In other words, the rate of increase m salary due to factors other than investments 
in human capital is the same for each year of experience and age and is the same as 
the rate of increase in starting salaries 
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The two models of human capital investment behavior imply observed 
earnings profiles: ^ ^ 

log = (X + P{b +j) + fr,(«) - d,(«)] 

log Yfii^gj = £(*o) + momb +j) 

+ r [f(i, *0 + 1 ) - d{i, + 0] (12 II) 

- cij, bo +j) 

The shape of the earnings profiles implied by the two models is revealed 
by the following expressions for the rate of increase in earnings between 
the j — \ and the jth year of experience for those starting to work in 
year b at years of age, say, 

Jbkoj = P + - 1 ) + <^ 2(^0 +J - 1 ) 

- d,{j - 1 ) - d^{k^ +j - 1 )] 
- [«i(7) + c^ikg +j) - c^{J - 1) - CjCAto +7 - 1)], (13 I) 

Vnoi = P(bo) + r[c{j - 1 , *0 + J - 1 ) - '^(j - 1 > *0 + ; - 1 )] 

- [<^(h^o + j) - <^(7 - 1. *0 + ; - 1)] (13 11) 


As noted above, increasing investment ratios are conceivable for some 
intervals in an individual’s career, but they must ultimately decline with 
age or experience, depreciation rates may increase Equations (13) 
'indicate the implications for earnings profiles more generally, an increase 
in earnings will be observed as long as the investment ratio does not 
increase more than the return to the previous year’s investment 

Consideration of equations (13) leads to the following conclusions 
j(i) If investment ratios decline at a constant rate or at a decreasing rate, 
(the rate of increase in earnings decreases (ii) If investment ratios decline 
j,at a rapidly increasing rate of change (greater than the rate of return), 
^the rate of increase in earnings increases (iii) If investment ratios decline 
(.at a moderately increasing rate of change (less than the rate of return), 
(the rate of increase in earnings decreases For example, in model I, if 
l^investinent and depreciation ratios are all linear functions, it follows 
^that those who graduate at a younger age will always have larger increases 
pn earnings tlian those who graduate at an older age However, if Cj is 
piot a linear function, this is not necessarily true ’ In contrast to this 


' h V '■at'o » larg' for young people but levels off rapidly with 

pnysicai age (a step function is the limiting case), H is possible that those who graduate 
“k “ smaller increase m earnings during their first yean in 

labor force than those who graduate at older ages After some yean of expenence, 
however, the reverse should be true 
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The data to be used are geometric average salaries, thus, the m^cl 
should be stated in average form Since we assume that individual 
earnings are independent, this is easily accomplished 


vai 


(1 + jW 


(18) 


where represents the mean logarithmic error and n^iigj is the number 
of individuals comprising the geometric averages 

For all specifications except those involving profile B, the models are 
estimated by generalized least squares However, when model I is 
estimated using profile B, the exponential investment function (eq. 
[14 B]), the equation contains a nonlinear parameter Equation (14 3) 
has therefore been estimated b> the golden-section search method 
(Flanagan 196<^), that is, by minimizing the residual sum of squares over 
a range ol values lor the nonlinear parameter V 


111. Results 

The two models are tested empincallv using salary data obtained from 
the Swedish Association ol Graduate Engineers These data include 
geometric average salaries bv age, year of graduation, and calendar year 
for separate populations of electrical and mechanical engineers The data 
cover the 10-year period 1961-70 and are obtained from an annual 
survey of all engineering graduates in Sweden The data thus refer to 
those with identical educational qualifications belonging to well-defined 
professions, this makes the assumption of identical rates of return to 
human capital investments slightly less heroic than in other studies 
Moreos'cr, the data measure wages and salaries (not total income) in a 
society where, for all practical purposes, individual variations in health¬ 
care investment can be neglected 

The dependent variable is the logarithm of average monthly salaries in 
constant (1949) Swedish kronor We assume that the year of entering the 
labor force {k^) is the same as the year of graduation, that is, years of 
experience equal the number of years elapsed since graduation ” For 
profile C, there arc nine experience variables for electrical engineers. 


The response rate for these surveys varied between 76 and 94 percent during the 
period (sec Klevmarken [1972, chap 2j for a discussion of the underlying data) A total 
of 1,130 observations on (geometric) average salaries is available for electrical engineers, 
the sample size is 1,042 for mechanical engineers In 1963, eg , the averages were 
obtained from surveys of 1,462 elcctncal engineers and 1,416 mechanical engineers 
" The underlying populations during this pcrioti were approximately 99 percent male, 
and the unemployment rate for engineers was about 0 5 percent 
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reflecting the number of years in each interval In particular there is one 
interval for each of the first 4 years of experience. For mechanical 
engineers, the data allowed 10 experience variables to be defined Again, 
there is one interval for each of the first 4 years of experience. Seven 
physical age intervals are included for electrical engineers, and eight are 
included for mechanical engineers. 

For model 1, the coefficient estimates are presented in tables 1 and 2 
For each profile A, B, and C, two sets of results are presented, one 
including the estimated coefficients of the physical age variables and one 
based simply on the experience variables 

For each of the three profiles, the magnitudes of the coefficients of 
the experience variables change when physical age is excluded, implying 
a less steep earnings profile in the experience dimension The physical age 
variables explain an additional 5 percent of the variance for both samples 
The general pattern of the estimated coefficients is the same for both 
samples, but a minor difference in the pattern of the physical age co¬ 
efficients occurs in the age interval 55-59 years for mechanical engineers, 
where the estimates are larger than expected 

For electrical engineers, the real increase in starting salaries is estimated 
to be about 1 5 percent When the physical age variables are omitted, the 
estimates decrease to about 1 2 percent The estimates for mechanical 
engineers are only slightly lower 

Tables 1 and 2 indicate that the best fit to the data is obtained for 
profile C, but the differences are very small In the physical age dimension, 
salaries increase up to the age of 45 years and decrease thereafter There 
are only minor differences in the estimates between the three variants of 
model I 

In principle, model II states that the investment profile may differ for 
each age of entry, We have estimated the models for three intervals 
of kg corresponding to those who completed schooling at ages younger 
than the normal age (quick), at the normal age (normal), and at ages 
older than the normal age (slow) * * 

Coefficients for model II are presented in tables 3 and 4 Table 3 
presents separate estimates of the parameters of profiles A and C for the 
three groups of electrical engineers, and table 4 presents the estimates 
for mechanical engineers 

Stratification of the sample into three groups reduces the degrees of 


' ’ The average matriculation age for Swedish engineers varied between 25 9 and 26.5 
years during the period 1961-70, with a variance of 3 6-7 8 years Neither figure exhibits 
a trend Accordingly, the data were divided into three groups the “quick” group, who 
completed their degrees at or below 23 years of age, the “normal” group, who completed 
their degrees at ages 24-26 years of age, and the “slow” group, who completed their 
degrees at or above 27 years of age 
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freedom and the variation in the variables, making the estiinates less 
certain In all cases, however, the covariance tests reported in t»blea 3 
and 4 mdicatc that stratification is appropriate The adjusted R is .96 
for the entire sample of electrical engineers and 97 for mechanical 

engineers 

The estimates for profile C generally indicate that salary increases are 
higher at given levels of experience for the quick group than for the 


TABLE I 

Eiitvates of Alternative Investwent Phofilks for 
Swedish Electrical Engineers from Model I (Standard Errors in Parentheses) 

Profile A Linear 


Parameter 

Equation (14 A) 

Excluding Age 

a + //, 

0146 
-26 15 

( 0006) 
(125) 

0122 
-21 31 

(0009) 

(1.75) 

Experience (j) 

H 2 + 

Hi X 10’ 

0635 
- 9848 

( 0015) 

(0754) 

0896 
-1 728 

(0017) 

( 0788) 

Age (*) 

P. for * = 

-29 years 

30-34 years 

35-39 years 

40-44 years 

45-49 years 

50-54 years 

55- years 

0268 

0240 

0164 

0024 

- 0040 

- 0365 

- 0082 

( 0017) 
(0017) 
(0034) 
(0059) 
(0090) 

(0150) 

( 0380) 



J!’ 

9457 


8929 


Profilf B Exponential 

Parameter 

Equation (14 B) 

Excluding Age 

X + N, 

0145 
-26 01 

( 0006) 

(1 25) 

0121 
-21 29 

(0009) 

(1 75) 


Experience (j) 


P 

^2 + fi 
Age (*) 

P« for k = 
-29 years 
30-34 years 
35-39 years 
40-44 years 
45-49 years 
50-54 years 
55- years 


1116 

4255 (0315) 

0249 ( 0019) 


0079 

59 310 (2 707) 

- 3603 ( 0201) 


0249 

( 0017) 


0248 

(0017) 


0188 

(0034) 


0021 

(0058) 


- 0076 

(0087) 


- 0369 

(0149) 


- 0057 

(0138) 


9469 


8932 
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TABLE 1 (Cantimitd) 
Fkoru C; Snp FvMtrnott 


Parameter Equation (H.C) Eacluduv Age 


f . 

0146 

(.0006) 

0123 

(0009) 

a . 

-26.06 (1.24) 

-21.63 (1.73) 

Experience (j)‘ 





+ fi for J at 





1 yew 

0491 

(0058) 

0504 1 

(.0062) 

2 year* 

0689 1 

[0062) 

.0677 

(0085) 

3 yean 

0708 ( 

(0074) 

0940 

!oI04) 

4 year* 

0759 ( 

0079) 

0995 

;0M0) 

5-9 yean 

0436 1 

[0024) 

0646 

0032 

10-14 years 

0393 ( 

0043) 

0511 

[.0056) 

15-19 yean 

03(4 I 

0072) 

0279 

’0096) 

20-24 yean 

0335 ( 

0113) 

0252 ( 

0149) 

25- yean 

0281 1 

0228) 

0080 1 

osn) 

Age (*) 





P, for k = 





-29 yean 

0234 ( 

0018) 



30-34 yean 

0250 ( 

'0018 



35-39 yean 

0202 ( 

0035) 



40-44 yean 

0101 ( 

0061) 



45-49 yean 

- 0082 ( 0094) 



50-54 yean 

- 0372 (0153) 



55- yean 

-.0049 (0377) 




9437 


8952 



normal group and arc higher for the normal group than for the slow 
group This IS not true for each expcnence interval, however, and for 
several intervals the standard errors arc quite large. 


IV. Implications 

The empirical results provide insights into several of the theoretical issues 
{XJscd in the previous sections—tissues related to “ability,” starting 
salaries, and investment profiles 

First, It IS worth pointing out that for both models and for both samples 
the estimates of profile C suggest that salary increases peak at about 3 or 4 
years of experience. The initial nse in salary increments early in the 
career implies that earnings curves have an inflection point consistent with 
Becker’s original (1962) theoretical insight (but not heretofore observed). 

As noted above (assumption 5), both models permit starting salaries to 
differ by age at graduation. Model I is constrained so that variations in 
starting salaries depend only on prior labor market experience—^previous 
human capital investment and depreciation. The results of model I 
indicate that starting salaries increase monotomcally with age at grad- 
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uation, that is, prior net investment is positive This result is illustrated in 
table 5, which presents estimated starting salaries for the three groups of 
engineers 

In contrast, the more general formulation (model II) permits starting 
salaries for each group to vary by efficiency in learning (or “ability,” as 
measured by Aq) as well as by prior labor market experience The param¬ 
eters estimated from the more general model suggest that the starting 
salary is smaller for the normal group than for the other two groups 


TABLE 2 

Estimates of Alternative Investment Profiles for 
Swedish Mechanical Engineers from Model I (Standard Errors in Parentheses) 

ProfiieA Linear 


Paramftcr 

Equation (14 A) 

Excluding Age 

p 

0019 

(0007) 

0103 

(0009) 

a + H, 

-20 93 

(131) 

-17 76 

(1 71) 

Experience ( j ) 





f/i + p 

0611 

(0017) 

0885 

( 0016) 

W, X iO^ 

- 9437 

(0720) 

-1 6313 

( 0555) 

Age (k) 





P„ for * = 





-29 )c«trs 

0322 

(0021) 



30- 34 years 

0220 

(0020) 



S') 3!) years 

0169 

( 0034) 



40-4*^ >f*arb 

0011 

( 0054) 



4'j-49 ycai's 

0129 

(0073) 



SO~54 yeatb 

- 0317 

(0091) 



Y)~ ytsirs 

0577 

( 0103) 




9')38 


9200 



Profile B Exponential 


Parameter 

Equation (!4 B) 

Excluding Age 

p 

0119 

(0007) 

0104 

(0009) 

a + A, 

-21 03 

(1 31) 

-1790 

(1 71) 

Experience ( j ) 

y 

^ 3 

0806 

68()G 

( 0504) 

0304 

50416 

( 1703) 

P/2 + P 

0144 

(0023) 

- 0590 

(0039) 

Age (A) 

P„ for k = 

-29 years 

30-34 years 

3V39 years 

40-44 years 

45-49 years 

50-54 years 

55- years 

0293 
0225 
0195 
0022 
0125 
- 0422 
0581 

9548 

(0022) 

( 0020) 
(0034) 

(0054) 
(0072) 
(0088) 

(0103) 

9208 
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TABLE 2 (Continued) 
Puomx C: Stsp Funotiom 


Parameter 

Equation (14 C) 

Excludmg Age 

P 

0118 

(0007) 

0101 

(0009) 

a 

-20 63 

(1 31) 

-17 20 

(1 71) 

Experience (j) 





1 year 

0457 

(0077) 

0549 

(0099) 

2 years 

0641 

(0078 

0871 

(0001) 

3 yean 

0778 

(0089) 

1042 

(0115 

4 years 

0581 

(0089) 

0855 

(0116) 

5-9 years 

0450 

(0026) 

0648 

(0030) 

10-14 years 

0431 

(0042) 

0554 

(0050) 

15-19 years 

0122 

(0068) 

0172 

(0083) 

20-24 years 

0430 

(0100) 

0389 

(0123) 

25- years 

0207 

( 0150) 

- 0005 

(0187) 

Age (t) 





for i = 





-29 years 

0290 

(0024) 



30-34 years 

0224 

(0022) 



35-39 years 

0174 

( 0037 



40-44 years 

0083 

( 0058) 



45-49 yt ars 

0057 

(0078) 



50-54 years 

~ 0425 

( 0099) 



55- 

0582 

(0104) 




9549 


9216 



Our analysis suggests that the U-shaped relation between starting 
salary and age of graduation is the result of two factors—the relatively 
greater ability of those who are youngest at graduation and the relatively 
greater labor market experience of those who are oldest at graduation 
Some indirect evidence supports this interpretation For example, a 
negative correlation between course grades and elapsed time to matric¬ 
ulation IS reported for one Swedish engineering school (Rubenowitz 1962), 
another study indicates that a major reason for delayed graduation 
among Swedish engineers is some parallel participation in the labor 
market (Hastad, Hdgberg, and Johansson 1974) 

Differential access to capital markets could provide an alternative 
intcrpi etation of these results, especially if those with access to funds also 
had “connections” leading to better-paying jobs However, public grants 
and loan guarantees, available to all students, together with tuition-free 
higher education in Sweden make this interpretation somewhat less 
plausible It is estimated that 50 percent of Swedish university students 
subsist exclusively on public grants and loans and that another 36 percent 
depend “mostly” on such assistance (Statens Oflcntliga Utredningar 
1970, p 20). Another study estimated that only 5 piercent of those students 
who interrupt their graduate careers do so because of ffnancia) difficulties 
(Hastad etal 1974) 
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TABLE 5 

Estimated Starting Salaries by Year op Graduation 
(I960 Swedish Kroner) 


Electtrioal Engineers Mechanical Enoineers 


Modfl/Gkoop 

1961 

1970 

1961 

1970 

Model 1 * 


1,819 

2,125 

1,779 

2,028 

Normal 

1,906 

2,228 

1,886 

2,147 

Slow 

2,045 

2,390 

2,057 

2,344 

Model 11 t 

Quick 

2,119 

2,525 

2,057 

2,474 

Normal 

1,937 

2,240 

1,898 

2,173 

Slow 

2,140 

2,499 

2,185 

2,378 


• C oeHirirnts Irnjn tables J And 1 for tRe at graduaiion Xq = 23 year* (quick) kfy ~ 25 yean (normal) 
and Aq =» 2n (slow") 

t ( ocfl>itcni<( iroin tiblrs 3 an<l 4 for age at graduation i,) ^ 2) years (quick) 24 £ £ 26 (normal), 

nut /r„ 1 27 (suns'! 


Model I also requires that the relative differences in starting salaries be 
the same in each calendar year, while model II does not As tables 3 and 4 
show, the estimate of the rate of increase in starting salary is higher for the 
quick group than foi the other two groups This is also highlighted by the 
starting-salary estimates in table 5 This may reflect a secular increase 
in the variance of both the distribution of ability and the distribution of 
human capital accumulated before graduation This phenomenon is a 
likely result of the expansion of the education system during the period, 
an expansion which seems to have motivated students with relatively 
lower efficiency in learning to undertake higher education ' ^ 

The empirical results support the importance of considering both age 
and years of expenenc e in analyzing returns to human capital investments 
However, even with these highly disaggregated data, the results provide 
little basis for distinguishing between a linear representation of net 
investment ratios and a more complex proportional representation 

As we have noted, the recognition that human capital both deteriorates 
(with elapsed tiini) and becomes obsolete (with successive vintages) 
makes it impossible to derive gross investment profiles without indepen- 


During ihc period 195'>-70, the number ol new students admitted to engineering 
schools expanded from 600 to 3,000, and it appears that the quality of entering students 
declined For instance, m 1961,61 percent of those admitted to the program in mechanical 
engineering at the largest engineering school had the top grade in high school mathematics 
and 1 percent had the lowest qualifying grade, in 1972, only 7 percent of those admitted 
had the top grade and 63 percent had the lowest grade (Lindberg et al 1974) Based 
on these trends, we might expect the proportion of slow graduates to increase There is, 
however, no such tendency in our data, probably because the share of students vnth 
parallel labor market activities declined 
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Fio 4 —Estimates of gross 'nvestment profila from model I for workers graduaUng 
at age 25 (r = 13, </ = 02) 


dent information With a few additional assumptions, however, it is 
possible to estimate the relationship between gross investment and years 
of experience Consider, for example, the parameters estimated by 
profile C If we assume that the depreciation rate is constant, knowledge 
of the retirement age and the rate of return are sufficient to estimate a 
gross investment profile consistent with any depreciation rate Moreover, 
since gross investment can never be negative, for any rate of return it is 
possible, at least in principle, to estimate the minimum rate of obsolescence 
consistent with nonnegative gross investment 

Figure 4 presents such gross investment profiles estimated from model I 
We assume that for all workers the age of retirement is 65, an independent 
estimate of the return to education among Swedish engineers is 13 percent 
(Klevmarken 1972, p 128) The investment profile is drawn for a 
depreciation rate of 2 percent ** For any cohort, the age of retirement 
determines the ytar of expicrience at which the gross investment ratio 
goes to zero, and this allows gross investment in all previous periods to be 


‘ * Because it was not possible to define steps in the estimatcd-cammgs functions after 
34 years of experience, an investigation of the minimum rate of obsolescence u not 
possible Indeed, for mechanical engineers, the low estimates (essentially zero) for gross 
investment oiler 30 years of experience are attributable to a single coefficient (— 0066, 
table 2) with a large standard error ( 0256) 
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solved by successive substitution * * As the figure suggests, if these assump¬ 
tions are reasonable, the gross investment ratios early in the career are 
quite substantial Gross investment rates decline rather rapidly throughout 
the working life, they decline by 50 percent after about 12 years 
experience 

Figure 5 shows the gross investment ratios estimated from model II 
under the same assumpuons The figure indicates that the experience 
profile of gross investment differs among cohorts At any year of experi¬ 
ence, the quick group invests more than the normal group and the normal 
group invests more than the slow g^oup The rate of decrease of investment 
IS also less for the quick group than for the other two cohorts 

As indicated m figures 4 and 5, the estimated gross investment ratios 
increase in the interval contaimng the first year of experience This finding 
IS consistent with the so-called comer solution implied by Ben-Porath’s 
original analysis (1967), in which it is assumed that the production 
function for human capital includes the current capital stock as an argu¬ 
ment ' * 

Although these estimates of gross investment profiles are subject to a 
generous margin of error, the differences among cohorts are just what 
we would expect based on the theoretical analysis (see figs 1 and 2) 


The quantity c{j) is greater than or equal to zero for all years of experience before 
retirement If the “scrap value” of human capital is realized at retirement (either because 
a functioning market exists or, more realistically, because the human capital remaining 
at retirement provides satisfaction), gross investment will continue up to retirement In 
figs 4 and 5 above, we hate assumed that gross investment goes to zero at retirement 
Thus, knowledge of the retirement age, K, allows us to calculate the years of experience, 
J — K — (oT which c(J) = 0 for any cohort The other values are found from the 
expression 

r(/ - I) = ~ (6N) 

(1 -H >•) ' ' 

If, on the othrr hand, the “scrap value” of human capital is not realized at retirement, 
gross invcstmini will cease before retirement In this case, it can be shown that the year 
of experience, /*, at which gross investment goes to zero is 


, log fl - (1 - Q)/r<?] 

Q # 1. 


log Q 


J* ^ J 

e = 1. 

(7N) 


T 


where J s= /C — ^o> P = (1 — </)/(! + />)t and p u the rate of return on riskless 
securities The qualitative results, in particular the comparisons among the models and 
cohorts, are similar to those presented above if human capital has no “scrap value ” In 
fact, the reported comparisons among cohorts hold for cither assumption for all the rates 
of return and depreciation rates we investigated ( 08 ^ r ^ 15, 0 S d ^ 05, 
05 £ p :£ 15) 

If the initial stock of human capital is small, it is possible that even large amounts 
of other inputs (e g , all available time) produce small quantities ofhuman capital Under 
these conditions, output ofhuman capital will increase until an optimum is reached, with 
input levels less than total available resources After this point, investment ratios decline 
(see Ben-Porath 1967, Mincer 1974) 



iNvxsnoum in human oapitai. 



Fio 5 —Estimates of gross invcsUnent profiles for mechanical engineers for three 
cohorts (r = 13, // =i- 02) 


younger cohorts with the same education and experience invest more 
resources in the production of human capital throughout their careers 
Not only do they invest more absolutely, but their human capital invest¬ 
ments as a proportion of potential earnings are higher In terms of 
calendar age, by age 40 the investment ratio for the quick group is about 
twice as high as those for the other two groups 
These results suggest that age and experience are both important 
determinants of human capital investment profiles They also suggest 
that the elapsed time to the completion of graduate training is related 
to “ability” in ways postulated by the theory' of human capital 
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Money Illusion and Balance-of-Payments 
Adjustment 


J C. Murphy and S. K Das 
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Money illmion, taking the form of lagged price perceptions and viewed 
in a competitive general equilibrium context, is shown in this paper to 
reduce the change in a country’s balance of payments attributable to a 
devaluation of given size. Illusion’s effect on adjustment is also shown 
to be probably greater under flexible than under fixed exchange-rate 
arrangements 1 he results contrast with a \ lew that illusion, m disguising 
real-income changes, facilitates the elimination of a balance-of-payments 
deficit 


The idea that some form of money illusion is a helpful, perhaps even 
necessary, element in the correction of an international balance-of- 
payments disequilibrium has attracted a good deal of attention in the 
literature on international finance Robert Mundell, in his 1961 classic 
paper on the theory of optimum currency areas, suggested that the 
failure of trade unions fully to take into account rising import and export 
prices IS the basis for success in correcting a balance-of-trade deficit by 
devaluation, and the idea was echoed in McKinnon’s 1963 essay on 
the same topii In two recent papers, W M Corden (1972, 1973) has 
stated the view in even more unequivocal terms “It is implicit in this 
analysis that unions do not seek to maintain real wages by forcing a rise 
in money wages to compensate for the rise in the domestic prices of traded 
goods Money illusion, or contracts in terms ol domestic money, for 
institutional reasons or convenience, are assumed Hence, money illusion, 
or labor contracts in domestic money are a prerequisite for the efficacy 
of exchange rate adjustment” (Corden 1972, p 12) William Kellner 
(1973), in a paper entitled “Controlled Floating and the Confused Issue 
of Money Illusion,” has recently called the emphasis on illusion in the 
adjustment process “The New Skepticism ” 

[Journal of Political Eermomy, 1976, vqI B4, no Ij 
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While there is a good deal of evidence that “illusion” in one form or 
another exists (see, for example, Branson and Klevorick 1969, Dickson 
and Starleaf 1972, Dubansky and Kalman 1974), it is disturbing to be 
told that a sector as important in any nation’s market system as the balance 
of payments is dependent for its self-corrective tendencies on mispercep¬ 
tion or on behavior that is nonrational in terms of real variables, and one 
is also led to wonder whether specified illusions work identically in differ¬ 
ent adjustment processes This paper reexamines some roles that illusion 
may play in balance-of-payments adjustments (a) when correction of a 
disequilibrium is effected through a change in the exchange rate, and 
(b) when adjustment takes place under fixed rates with price flexibility 
It begins with a destription of an illusion-free correction process that 
illustrates how a successful adjustment may take place under either regime 
when prices are flexible Then, with the introduction of money illusion. 
It shows that this phenomenon affects the adjustment process differently 
under fixed and under flexible exchange rates It shows also that the 
effects of illusion, when producers and owners of factors of production 
are unable to influence their selling price, are generally opposite to those 
the Mundell-Corden approach takes for granted, it is shown that a lag 
in perception of general price changes generally impedes the corrective 
effects of exchange-rate changes It emerges that even where trade unions 
are present and money illusion serves to mitigate their demands, illusion 
may not add to the effectiveness with which exchange-rate changes 
contribute to balance-of-payments adjustment 

I. Balance-of-Payments Adjustment without Illusion 

It IS helpful to view the relevant ad)ustments within the framework of a 
general equilibrium model In our image of the process, we envision each 
actor in the economy as constrained by a budget limitation consisting of 
an initial endowment of assets plus an income flow for the period A 
component of each individual’s endowment is nominal money, the real 
worth of which vanes inversely with the price level Actors seek, at least 
in the long run, to maintain money stocks in proportion to their money 
income and expenditure flows, although the proportions individuals seek 
to hold may vary with real incomes and with the returns obtainable on 
other assets Change in the aggregate money supply results from the 
lending activities of banks and from international reserve flows We assume 
prices to be flexible and markets competitive ' For simplicity, we think 
of the home country as small m relation to the international markets in 
which It trades 

* Our implicit modei is similar lo what Harry Johnson (1972, pp ls55-72) has called 
the “monetary approach” to the analysis of balance-of-payments adjustment except for 
Its abstraction from growth 
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Consider a single, permanent disturbance to an initial equilibrium m 
such a system. In particular, assume that the set of goods involved can be 
dichotomized into those which are tradable internationally (exportable 
or importable goods) and those which are not (domestic goods), and that 
at a point in time there is a once-and>for-all shift in tastes in the country 
away from the set of domestic goods toward the international goods 
The disturbance results in a tendency toward deficit in the international 
balance of payments—marked by a rise in the domestic price of foreign 
currency if the exchange rate is flexible and by a net inflow of goods and a 
reduction of net domestic financial assets if the exchange rate is fixed 

Where the exchange rate is flexible, the shift m demand causes a rise 
in the home-money prices of international goods as well as a fall in the 
home-money prices of domestic goods. The rise in the prices of internation¬ 
ally traded goods is, of course, made possible by a depreciation of the 
exchange value of the currency In the Mundell-Corden approach, wages 
are resistant to downward pressures, and hence a disturbance of the sort 
we hypothesize leads to inflation in the home country—partly because 
prices of international goods rise while prices of domestic goods do not 
decline, and partly because fiscal and monetary authorities inflate the 
money supply to avoid unemployment in the domestic-goods sector 
In our model, characterized by flexible prices, inflation is not inevitable 

The disturbing shift in demand is accommodated, when prices and 
the exchange rate are flexible, by the adjustment of relative pnees, much 
as any demand shift is accommodated in an economy which has no 
international trade The rise in pnees of international goods relative 
to goods of the domestic sector directs production toward the former and 
consumption toward the latter, at the same time rcdistnbuung real 
incomes and real-asset stocks among individuals as pnees of factors of 
production and intermediate goods are affected While the initial dis¬ 
turbance IS, as Alexander (1952, pp 263-78) and others have noted, an 
attempt by domestic residents to “absorb” beyond national production, 
we know that the demand, which would be excessive in the aggregate if 
exercised, must in fact be deflected by production and consumption sub¬ 
stitutions into channels consistent with the overall budget constraint 
This IS a result of the fact that each individual is required to live within 
the budget constraint comprised of his periodic income and his asset 
holdings ^ Relative prices in the long run will differ from predisturbance 
levels less than in the short run as more generous respionses to price in¬ 
centives allow the impact price changes to relax 

While the adjustment need not be inflaUonary, it is worth while noung 
the possibility that the exchange rate could be a more responsive pnee 

^ Fritz Machlup (1955, pp 255-78) was the first to call Alexander (1952, pp. 263-78) 
to task for failing to recognize that marginal propensities to consume and invest, and 
hence “absorb,” are functions of relative prices 
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than the prices of domestic goods and factors, so that the intial relative 
pnce adjustment is achieved more through an increase in international- 
goods prices than through a decline m the money prices of domestic goods 
Such an amendment to the model is a step in the direction of the cir¬ 
cumstances Mundell and Corden have considered Where the adjustment 
does result in such an increase in prices on the average, it is clear that an 
increase in the supply ol money and other assets to support spending 
at this price level must be forthcoming il the higher price level is to be 
sustained It is clear also that if the monetary expansion is limited, the 
demand for money to hold will put a limit on the expansion of money 
spending and hence on the inflation and the depreciation of the currency 
that transpires 

The discussion of responses to a shift in demand from domestic to 
international goods applies, of course, svmmetrically', with signs reversed, 
to a disturbance in which demand is transferred from international to 
domestic goods There, appreciation of the currency on the exchanges 
allows international-goods prices to fall m domestic-money terms and 
domestic-goods prices to rise until the disturbing demand shift is suppressed 

In the case where exchange rales are Jixtd, the response to an increase 
in demand lor international goods is rather different from the loregoing 
Since a rise in internaiional-goods prices is here limited by market 
conditions abroad, the lull adjustment required in home-country lel- 
ativc prices must be obtained by a fall in the prices of domestic goods 
This fall IS furthermore accompanied by, and partially enforced by, a 
transitional loss of domesticalK earned money income due to an excess of 
the value of imports over exports and by a discharge to foreigners of 
domestically held stocks of monev balances If foreigners collect reserve 
money hum the banks against these balances, the domestic banks may 
contribute, bv credit contraction, to still further reductions in the domestir 
money supph In the end, the periodic loss ol income and cash balances 
to abroad ceases as the exc ess of imports over exports closes, and the 
closure is enforced by tin power ol the reduction m prices of domestic 
goods relative to the largeK unc hanging prices oi international goods to 
effect production and consumption substitutions The loss of money 
balances, in equilibrium, holds the general level of money prices down 
Again, for a conlrarv disturbance, when the balance of payments is 
thrust toward surplus, the responses arc leverscd 

In summary, wc can distinguish somewhat different “prime movers” 
of the adjustment in the flexible and fixed exchange-rate cases When 
the exchange rate is flexible, taking the disturbance to be a shift in demand 
toward international goods, behavioral responses by households and 
businesses are motivated cnUicly ijy the increase in money prices of 
international goods and the fall m money prices of domestic goods 
There is no necessary increase in aggregate demand for cash balances or 
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meaningful reduction in aggregate real income When, on the other 
hand, the exchange rate is fixed, an important stimulus to behavioral 
responses is the loss by households of money income and money stocks 
to abroad In connection with this loss, falling prices (of domestic goods) 
mitigate the pressures for each household further to curtail real consump¬ 
tion and further to rebuild cash balances, and the price changes, in this 
way, relieve forces that are leading to balance-of-payments equilibrium 
A fall in domestic prices relative to international prices, however, also 
motivates those production and consumption substitutions which in the 
end make possible the cessation of international hnancial-asset flows 
Since adjustments to disturbances leading to balance-of-payments sur¬ 
pluses are symmetrical with those leading to deficits, we may say that 
changing prices energize adjustments under flexible exchange rates but 
that they de-energizc them in some respects while energizing them m 
others under fixed rates This generalization is the basis for a number 
of our comments in the next section on the influences of money illusion 


II. Balance-of-Payments Adjustment with Illusion 

Illusion can take as many forms as reality itself Patmkin’s definition of 
money illusion was very broad in an initial statement, he made an indi¬ 
vidual to suffer from money illusion if “his excess demand functions do 
not depend solely on relative prices and real wealth, inclusive of initial 
real balances” (Patinkin 1965, p 22) Money illusion may be rooted in 
behavior responses as a result of the forms individual utility functions 
take, but we do not explore that possibility here Otherwise, it may well 
stem from information costs (such that people fail to have complete 
knowledge of price changes and consequent changes in the purchtising- 
power value of money to respond to) or from expectations (such that 
people respond not only to prices they perceive in the present but to 
prices they think to be coming in the future) Since we rule out expecta¬ 
tions of future prices being other than present pnees, we deal with illusion 
as if It were due to misperception alone 

When prices in recent penods have not been changing much, it is 
reasonable to assume that imperfect knowledge about present price 
changes will lead people to underestimate their extent, households will 
then overestimate the value of their money incomes and money balances 
when present prices arc generally rising and underestimate the value of 
this money flow and stock when prices are falling On the other hand, if 
there has been recent experience with rapidly changing prices, people 
with incomplete information could possibly overestimate price changes 
occurring in this period, in this case, they underestimate the value of 
money when prices are nsing and overestimate it when pnees fall 

Furthermore, illusion is likely to be biased In a society with intensive 
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division of labor, where people arc usually sellers of only a few goods 
but buyers of many, the actors are less likely to be unaware of changes in 
the money prices of things they sell than they are of changes in prices of 
things they buy 

These comments on illusion lead us to regard it as something which is 
not categorical but rather as something which is a matter of degree and 
to classify it as a set of misperceptions which on average either under¬ 
estimate changes in prices buyers must pay, on the one hand, or over¬ 
estimate them on the other 

We now introduce the effects of some alternative money illusions on 
the behavioral responses that have been sketched m Section I We rate 
an illusion as one “impeding” balance-of-payments adjustment if its 
effect IS to reduce the power that real price, income, and money-balance 
changes have for bringing about reduction in an imbalance m nonmoney 
imports and exports We rate an illusion as something “contributing” 
to adjustment, on the other hand, if its effect is to increase the effective¬ 
ness of the real market incentives We do not pursue in detail here the 
influence of illusion on the time paths of variables, although it is clear 
that dynamic relationships might influence the final result We also avoid 
specifying final equilibrium conditions and hence the question of whether 
or not these, too, are modified bv illusions that resist being dispelled by 
the accumulation of experience We are content to show that illusions, in 
alternative settings, may, at least within important time spans, either 
emphasize or impair the power of changes in real variables to reduce 
payments imbalances T hese effects, for alternative illusions and balance- 
of-payments disturbances, are summanzed in table 1 

In case 1, where the exchange rate is flexible, a disturbance that shifts 
domestic demand onto international goods and leads to a depreciation 
of the currency causes money prices of international goods to rise and those 
of domestic goods to fall When illusion prevents households and firms 
from fully perceiving these money-price changes, the result is a reduction 
in the stimulus the decision makers feel to make the substitutions in pro¬ 
duction and consumption which will contain the disturbance Larger 
pnee changes and a larger depreciation are then necessary, at least in 
the early phase of adjustment when relative pnees make their maximum 
move, to achieve any given reduction in the potential international 
imbalance Should depreciation of the currency be accompanied by 
monetary expansion and general price increases, as in the Mundell- 
Corden views of things, failure of decision makers fully to perceive these 
increases and to perceive the concomitant loss in their real incomes and 
real cash balances would induce delay in absorption curtailment and the 
rebuilding of real-cash holdings to normal levels Overall spending would 
then be greater for any set of monev prices than it would have been m the 
absence of illusion, and greater price changes and depreciation of the 
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1 Excluinge- 
Rate Regime 

1 Fleiable 

2 Flexible 

3 Flexible 

4 Flexible 

5 Fixed 

6 Fixed 

7 Fixed 

8 Fixed 


2 Balance-of- 
Paymenu 
Disturbance 

3 Response 
Induced 

5 

4. Illusion 

Effect on 
Balance-of- 
Payments 
Adjustment 

Deficit 

Currency 

depreciation 

Underestimate 
of pnce change 

Impedes 

Surplus 

Currency 

appreciation 

Underestimate 
of price change 

Impedes 

Deficit 

Currency 

depreaation 

Overestimate 
of pnce change 

Contributes 

Surplus 

Currency 

appreciation 

Overestimate of 
pnce change 

Contributes 

Deficit 

Deflation 

Underesbmate 
of pnce change 

Impedes or 
contnbutes 

Surplus 

Inflation 

Underestimate 
of pnce change 

Impedes or 
contnbutes 

Defiat 

Deflation 

Overestimate of 
price change 

Impedes or 
contributes 

Surplus 

Inflation 

Overestimate of 
pnce change 

Impedes or 
contnbutes 


currency would be necessary to attain temporary balancc-of-payments 
equilibnum For these reasons, table 1 records this circumstance as one 
in which illusion impedes progress toward adjustment 

In case 2, appreciation of the currency allows intemational-goods 
prices to fall while domestic-goods prices rise Underestimation of the 
changes leads again to under response by producers and consumers in 
making the appropriate substitutions If we think of the exchange rate 
and intcmational-goods prices as more flexible than domestic prices, 
the initial change is deflationary Without illusion, a fall in general prices 
would induce some increase in real spending, financed by increased 
velocity of money, as spending agents released excess real-money balances 
With illusion, the gam in real balances and the contribution of lower 
prices to real incomes goes unperceived, and spending that would have 
contributed to elimination of a balance-of-payments surplus fails 
to materialize Here, too, underestimation of price changes impedes 
adjustment 

In cases 3 and 4, where illusion takes the form of overestimates of 
price change, illusion contributes to the elimination of diseqiuhbnum 
by accentuating perceived relative pnce differentials and by accentuating 
any motivation to restore desired levels of cash balances induced by pnce- 
level changes Bias in the perception of the price changes also accentuates 
average perception of real-income losses on the inflation side and real- 
income gains on the deflation side Smaller actual changes in the pnce 
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level and the exchange rate are then necessary to obtain a given degree 
of progress in the restoration of balance-of-payments equilibrium con¬ 
ditions 

In rases 5-8, the exchange rate is fixed In case 5, the disturbance leads 
to balance-of-paymcnts deficit, and the responses of individuals to the 
loss of money income and money balances accentuate falling domestic- 
goods prices We noted at the close of Section I that price changes facil¬ 
itate this adjustment in some respects but tend to restrain it m others 
A decline in domestic-goods prices is essential to motivate the consumption 
and production substitutions winch ultimately eliminate the balance-of- 
pavmrnts deficit, and an> underestimate of this decline must be expected 
to slow these adaptations, especially on the consumption side On the 
otiier hand, a price decline reduces the motivation of households and firms 
to rebuild cash balances and to curtail real absorption, thereby relieving 
a compulsion to adapt In this connection, an underestimate of price 
dt'chnes decrleiatcs spending on all goods, contributing to the reduction 
of absorption Hence, illusion of this sort may, in net terms, either impede 
or contribute to an c Ihctcnl adjustment 

Fot parallel reasons, with signs of the effects adjusted appropriately, 
the effects of illusions on the other fixed exchange-rate cases are indeter- 
mina te Rc suits depend on the relative effects of each illusion on substitution 
decisions, on the one hand, and decisions in response to tightening income 
and cash balance constraints on the other 

An important point to bt noted from the table, then, is that a given 
illusion does not have symmetric results when a particular balance-of- 
pavments disturbance is corrected (a) by an adjustment of the exchange 
rate or (6) with a fixed exc haiigc rate Even tn a system of flexible prices, 
these adjustments are not mnror images of each other, and perceptions 
of price changes plas in each a different role When the exchange rate 
IS flexible, a dcficit-causcd rise in prices motivates substitution effects and 
income and casli-balanc e effects which are reinforcing insofar as reduction 
of the balancc-of-paymerits deficit is concerned When the elimination 
of the deficit is obtained through deflation, however, declining prices 
mitigate the income and rash-balance effects even while inducing the 
required substitution effects Illusion appiears possibly more significant 
in Us net effect on adjustments when the exchange rate is variable than 
on adjustments where the rate is fixed 

Perhaps a more surprising conclusion displayed in the table is the 
apparent conflict of these results with the Mundcll-Corden argument 
Mundell, Corden, and their followers have argued that failure of trade 
unions to recognize the implications of rising prices for real incomes 
and to take steps to offset these setbacks is the secret to a devaluation’s 
success in reducing real incomes and real absorption Table 1, case I, 
on the other hand, indicates that failure by spending agents fully to 
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perceive price rises associated with a depreciation of the currency impedes 
correction of the balance of payments What accounts for these seemingly 
contradictory conclusions? 

The Mundell-Corden position arises from an assumption that house¬ 
holds, through monopolistic bargaining, can influence money pnccs of the 
labor services they sell Additional assumptions that these trade unions 
are motivated to maintain the real incomes of all their members in pcnods 
of inflation and that the strength of substitution effects is inadequate to 
prevent them from doing so, lead to the conclusion that money illusion 
and consequent passivity by trade unions representing sellers of labor m 
the domestic-goods sector strengthens the power of a devaluation to 
correct a balance-of-payments deficit. 

Our conclusions have been derived on the assumption that all markets 
are competitive Money illusion of the form that underestimates price 
changes in our model impairs the effectiveness of a depreciation of the 
currency The effects we have pointed to arc substitution effects (and 
also cash-balance effects when there is a change in the price level) in 
addition to the failure of producers of domestic goods to realize their 
income loss, which is the Mundell-Corden illusion 

Associated with this contrast m assumptions about the presence or 
absence of collective bargaining are contrasts in the implications of the 
two premises In the Mundell-Corden argument, households which 
fail to recognize the actual decline in their real incomes consume less than 
they would have had they been free of illusion and had they demanded 
compensation In our approach, and assuming some price inflation, 
all households experiencing illusion consume more than they would have 
had they simply been illusion free because they accelerate the turnover 
of money Both propositions arc correct 

Our conclusions on this score, therefore, seem to limit the practical 
sigfnificance of the Mundell-Corden position on illusion In the presence 
of trade unions, money illusion may encourage trade-union passivity 
and in this way lessen inflationary demands But illusion may otherwise 
exacerbate spending, and it certainly reduces the effectiveness of relative 
price changes for effectuating the adaptation to new circumstances 
'I he net result of a widespread money illusion when trade unions arc 
present is a composite of effects depicnding on such factors as the relative 
size of the domcstit-goods sector, the strength of the trade unions in that 
sector, the usual power of cash-balance constraints on spending throughout 
the economy, the willingness of banks to lend, and the impact of illusion 
on substitutions 

There can be little doubt that balance-of-payments adjustment is 
possible in a monopoly-free society unencumbered by money illusion 
And illusion of the sort that fails to recognize the extent of price changes 
of Itself reduces the effectiveness with which given exchange-rate adjust- 



82 


JOURNAL OF POUnOAL BGONOmr 


merits contribute to restoration of balance-of-payments equilibrium. 
Combined with trade unionsj illusion, on balance, may or may not facil¬ 
itate an adjustment, but an adjustment m a world subject to illusion is 
bkely to be one m which the early response of the balance of payments 
to exchange-rate changes is at best disappoinung 
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This paper develops a model for estimating the costs associated with 
the institutional and legal restrictions related to the states’ abortion 
statutes A travel-cost demand model is estimated with data for legal 
abortions obtained in New York State The purjiose is to determine the 
value—for women seeking abortions—of the 1973 Supreme Court rulmg 
which liberalized abortion codes. The estimated benefits foregone in the 
absence ofliberaliration, over a 10-year period with a 10 percent discount 
rate, range from $12 million to $30 million in present value It is 
important to note that this study makes no attempt to measure the 
losses to certain groups in society as a result of the liberalization 


The legislative process is, in general, subject to considerable inertia Thus 
short-run adjustments of existing legal codes to reflect changes in com¬ 
munity sentiment must be accomplished almost entirely through variation 
in the enforcement and/or interpretation of existing statutes by the 
courts' In many instances these mechanisms arc impierfect vehicles for 


Thanks are due Kenneth V Greene, Lex Holmes, Sam Pcltzman, and an anonymous 
referee for most construciivr comments on earlier drafts of this paper The suggestions 
of Robert Haveman, William G Johnson, Michael Schooster, and Sharon P Smith, and 
the assistance of Timothy Smith of the Office of BiostatisUcs in obtaining unpublished 
information on aboruons in Upstate clinics by counly of origin are also gratefully 
acknowledged The usual disclaimer applies 

‘ Stigler (1970) first noted this point He suggested that “the appropnations to the 
enforcement agency and the verdicts of juries are the instruments by which the com- 
mumty may constantly review public policy It is much easier to make continuous 
marginal adjustments in a policy through the appropriations committee by vsuying the 
resources for lU enforcement than it is to modify the statute’’ (pp 534-36) 
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altering institutional and legal constraints Since it is generally recognized 
that these constraints influence economic behavior (see, e g, Buchanan 
1962, Roberts 1973), there may be substanual economic losses associated 
with legislative quiescence The purpose of this paper is to illustrate how 
these losses might be measured with a recent court decision the reform 
in the national abortion laws VVe shall estimate a demand function for 
legal abortions and measure the benefits as the sum of the consumer 
surplus increments resulting from the cost savings associated with the 
reform It should be noted that these benefits accrue only to those 
individuals who seek abortions 

In January 1973, the Supreme Court ruled that a woman may have 
an abortion performed m any state by a licensed physician as long as it 
is done within the first 3 months of pregnancy ^ This decision represented 
for most stales (with the exception of New York, and possibly Hawaii 
and Alaska) an important change in their laws governing induced 
abortions ^ Over 2 years prior to this decision. New York’s induced 
abortion code uas amended to be the most liberal in United States 
history The New 'Wirk State Department of Health, which serves as the 
registrar for information on abortions, has identified the state of origin 
ol those women obtaining abortions in New York prior to the Supreme 
Court det ision Accordingly, these data permit the use of the travel-cost 
method for estimating demand functions for abortions * 

Section I outlines our model and relates it to recent developments m 

^ rh( ruling mdicutrt in addition that stat«> an allowed to regulate but not prohibit 
abortions during tht stennd 3 months oi pregnancy and mav only prohibit them during 
tht last h) wee ki- 

^ As late as 1072 the lavvs in 2H states permitud abortion only when the mother’s life 
was m dangtr In several othtr cis<s it was allowtd for one or more additional reasons, 
including rape and incest, or il ihf. child \>ould be born wiih a physical or mental de lert 
rhe nccnl New^wetk (March 3, senes ol articles on abortion and the law suggests 

that lh< efhet oi the ruling has betn sjx>tty, oting iht Dislncl of (>a>)umbia, Niw \ ork, 
California, Kansas, and New Mexico as having comparable codes I his comparison is 
somewhat misleading, for it is not the code alone which is important The courts* 
interpretation is central to the effective liberalisation for example, for California Ceis 
(1972) note's that estimates oi the impact of the new law was depri catory Illegal abortions 
were estimated at 80,0(K) pir year, with light interpretations of the conditions for legal 
abortions given as a cause of the lontmued illegal activity (pp 65-bb) Some historical 
perspective may be useful in und< rstaiiding the statutes While the opinions on the 
motivation underlying the legislation difftr, ii n olten argued that at the limt these laws 
were enacted, starting in 1821 with Connecticut, abortions were exticrncly hazardous 
Thus, the intent of the law was protection of maternal health Saltman and 7imrring 
(1973) note that a woman’s chance of surviving childbirth was 15 times better than the 
chance of surviving an abortion More recently, Sauer (1974) has argued that, while 
mother’s safety was an important consideration, it would be misleading to count this as 
the sole objective of the hgislation There is equal concern for foetal hie Hie medical 
profession which was in the forefront of the drive Ibr restrictive laws, stated as their main 
concern safety of the foetus (pp 57-59) 

* The travel-cost method has been used extensively to estimate, from individual 
behavior, the willingness to pay for outdoor recreational experiences (sec Cicchetti ct al 
1972 and Cicchetti, Fisher, and Smith 1973) as well as more topical issues such as the 
value of the November 1969 March on Washington (Cicchetti et al 1971) 
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the economic modeling of fertility control. The second section discusses 
the data, our estimates of the demand for abortions, and the measured 
benefits from the court ruling The last discusses the implications of the 
analysis for the general problem of the economic costs of institutional 
constraints. 


I. Model 

The conventional statement of the travel-cost model is m terms of a 
general gravity model of social interaction and has been widely discussed 
in the literature * However, it can also be considered within a Becker 
(1965) framework of a consumer producing final services (or basic 
commodities) In this framew'ork, maximization of a utility function 
expressed in terms of these basic commodities subject to production, 
budget, and time constraints will result in a decision rule calling for 
consideration of the full incremental cost of producing each service flow 
Prior to the Supreme Court decision and after July 1, 1970 (the date of 
the change in New York’s abortion law), legal abortions could only be 
secured by a woman transporting herself to New York If we assume 
that the medical costs and time costs of a legal abortion are fixed regard¬ 
less of the location in New York where the abortion is performed, then 
only the travel-cost component of the full service costs changes over a 
cross section of individual demanders * Since these travel costs are 
related to distance, the distance traveled (adjusted by a price per mile 
discussed in n 17 below) can serve as a surrogate price for the service 

With this rationale, then, we shall estimate a “demand function’’ for 
legal aborUons and interpret the area under the estimated relationship 
as a measure of consumer surplus ’ The national liberalization of abortion 
laws eliminates the need for out-of-state women to travel to New York 
for legal abortions Accordingly, the components of the full cost which 
are related to distance arc reduced for these women, and there is an 
increment to their consumer surplus as a result of this price change ® 

* The essays in Quandt (1970) provide a review of this framework 

‘ Time costs can hr assumed to have two components One is associated with the 
surgery and recuperative period and the second the travel time If we a-ssumr the first 
is relatively constant, then the second can be assumed proportional to distance Duffy 
(1971) cites the range ol medical ftes for an abortion to be from 5145 to $700 

hcveral points should he noted here hirst we assume that the supply of abortions 
in New York is perfectly elastic to the individual at a price which is the sum of medical, 
time, and travel costs Further, we assume that there is no variation in the medical and 
time costs in the two Upstate New York centers we have designated as the primary 
sources ol the supply Ihus costs which can be assumed proportional to distance provide 
the primary source ol the variation in supply price to the individual hor a discussion of 
the importance ol these assu options to the identification of the travel-cost demand 
function, see Cicchetti et a] (1972) 

* We are not denying that there may also be psychic cosu associated with abortion, 
but we do not have any means of measuring them and have no reason to suspect that 
they will vary systematically over the points of origin of the women obtaining abortions 
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The quantity measure used in the travel-cost models is a visit rate That 
IS, the number of visits (or visitors) from each of the origin zones in the 
sample to the point of interest (in our case the abortion clinics in Upstate 
New York) relative to a measure of the potential population of users is 
used as a measure of the expected consumption rate For our model, a 
logical measure of use would be the number of women coming to Upstate 
New York for abortions relative to the total number of pregnant women 
at the point of origin 

Before proceeding to discuss the specific application of this model, it is 
desirable to relate this simple framework to the more detailed analytical 
treatments of the economics of fertility control Michael (1973) has 
recently developed such a model to infer the properties of the derived 
demand for children He casts the decision-making framework in terms 
of a household production model (extending Becker’s 1965 model) and 
suggests that the fertility-control decision is based on a comparison of 
the benefit and cost streams attributable to an additional child The net 
benefit of an additional child is then ‘‘ the household's effective excess 
demand for children at the prices, income level, [and the] level of pro¬ 
duction of complements and substitutes Michael suggests that 

education ma\ influence the household’s fertility decisions through its 
effect on anv or all of the functions in the model of consumer behavior— 
namely, the utilits function, monev-wcalth constraint, time constraint, 
and household production functions If abortion is viewed as one means 
of fertility control, then it is also reasonable to assume that the education 
of the individual for the couple if the decision is made jointly) will be a 
determinant of the demand for abortions Unfortunately, the indeter- 
minancy in the efft c ts of many socioeconomic factors observed by Michael 
for the general problem of fertility control is also present in the abortion 
framework ' ° For cyaniple, ue might expect couples with more education 
to have greater information on, and therefore easier access to, fertility- 
control techniques It would then seem reasonable to expect that they 
will have greater success m preventing unwanted pregnancies Alter¬ 
natively, education has been recognized to have a strong influence, 
through Its effects on an individual’s human capital, on wage rates and 
earnings It thereby im reascs the abilitv to pay for abortions and may 
make them a more accessible means of fertility control 

Additional determinants ol the demand for abortion include a measure 

’Michael 1973, p SI32 

Ibid , pp blSVSl-M) Ihi (limciid functions we shall estimate are probably best 
viewed as reflecting motives of It riilitc control Abortions for other motives, i e , women’s 
health endangered, rape, incest, i ir arc permitted in a large fraction of the sute codes 
prior to the bupremc Court ruling f )ne mighi suspect that in these cases the transaction 
costs of obtaining an abortion for om of these reasons in the ongin stale would be less 
chan the travel costs This presumpnon may be less true as the proximity to Upstate New 
York increases Unfortunately, we do not have the abihty to discriminate benveen these 
cases (to the extent they are in our daiaj and those for reasons of adjustment in the 
fertility control decision 
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of income to reflect ability to pay and a variety of demographic charac- 
tenstics of the population to reflect the effects of tastes and the need for 
fertility control (e.g., age as a proxy for fecundity) One of the potential 
demographic factors is religion Michael has suggested (though his data 
do not provide specific evidence) that Catholics may be more likely to 
select contraceptive techniques which are less effective and hence have a 
greater monthly birth probability It may then follow from this specifi¬ 
cation that Catholics would have greater demand for abortion as their 
means of fertility control However, this view is in contrast with accumu¬ 
lated evidence on the movement in opposition to legalized abortion Since 
at least 1869 the majority voice of the Catholic church on abortion has 
been in accordance with the doctrine of “immediate animation” of the 
fetus In this statement, Pope Pius IX declared that both early and late 
nonspontaneous abortion were acts of homicide *' Sauer’s (1974) recent 
survey of attitudes toward abortion would suggest that the Catholic 
church has continued to be the most vocal in its opposition to reform in 
the 1960-73 period He notes' “The plethora of abortion literature in the 
popular and scientific press that appeared in the 1960’s and continued 
into the I970’s has become increasingly receptive to the idea of complete 
legalization, except for the Catholic Press ”* ^ Accordingly, if one accepts 
both possibilities as potential determinants of the impact of religion on 
the demand for abortion, then the expected sign of a variable measunng 
the percentage of Catholics in the origin zone’s population is ambiguous 

A possible alternative to legal abortions arc those which are provided 
illegally It has been suggested that the number of illegal abortions 
obtained in the United States may be as high as 50-300 per 1,000 live 
births These estimates are, of course, difficult to obtain and arc of 
questionable value For our purposes, the problem is to determine the 
price of a reasonable illegal alternative to an out-of-state legal abortion 
Because of the wide variation in quality, there is a problem in dcflmng 
a “reasonable” alternative In effect, there is not one illegal market but 
many, each defined by the health quality of the service provided In 
addition, information on the availability of illegal abortions may be 
quite limited and not generally available to the average woman Limited 

* * Geis 1972, p 94 Further support for this position is found in several of the Pope’s 
cncyclicak For example, as Geis cites, Pope Pius XII in a 1951 encyclical noted, "Any 
direct abortion whatsoever, even if it is performed in the presence of manifest therapeutic 
indication to save the mother by its means, when otherwise she together with the child 
would perish, is immoral and forbidden by divine law Innocent human life, m whatsoever 
condition it is found, is immime, from the very htst moment of its existence, to any 
direct, deliberate attack ” 

baucr 1974, p 64 Newsweek't March 3, 1975 arucle “Aboruon and the Law" cites 
an NBC News poll which found 58 percent of the voters questioned and 46 percent of 
the Catholics approved of laws permitting abortion during the fiist three months of 
pregnancy or wanted them liberalized These results, if repiesencaUve, would seem to 
ameliorate the evidence cited from the Catholic church’s pouuon However, support for 
the law’s existence does not necevanly imply a corresponding proportion of Catholic 
women will consider abortion a viable means of fcrtihty control 



88 


JOURNAL OF POLITICAL ECONOMY 


surveys of obstetricians taken prior to the amendment of many state 
abortion laws indicated that approximately 10 percent admitted referring 
patients to abortionists ‘ ^ Such surveys are, however, subject to problems 
of revelation and may not be indicative of accessibility to these illegal 
markets 

Since It IS reasonable to assume that a subset of the alternatives avail¬ 
able m illegal markets provides important substitutes for legal abortions, 
some account must be taken of their influence Accordingly, we have 
reviewed the state appellate court decisions on abortion cases over a 
period of 24 vears and have developed a price series for illegal abortions 
In most cases vse were able to find only one price for each state, and 
table 1 presents the prices for 29 states We have reported the price cited 
in the case record, the price in 1971 dollars, the name of the case, and 
the date The average price paid was $346 in 1971 dollars 

There are a number of reasons to believe (hat these prices are biased 
Since healtii complications (often death) appeared to be the most common 
reason for detecting the illegal abortion, we suspect that these prices 
relate to die lower-quality strata of the illegal market Moreover, they 
may have little relation to the equilibrium price for a single level of that 
market However, since these data are the only information available 
on prices in the illegal maiket, we shall include them in the analysis 
which follows ‘ • 

In summary, we have hypothesized that the abortion rate will be 
related to the education, income, religious background, age, price of 
illegal abortions, and measures of the demographic characteristics of the 
origin point and its population A variety of measures of the socioci onomir 
factors have been examined In what follows we shall report those relation¬ 
ships whii h ajipear lo fit the data best, where oui criteria of goodness of 
fit are die and die statistical significant e of our estimated rocflinents 


II. Data and Results 

T h< data on abortions aic die number of women receiving abortions in 
Upstate New ^'ork after traveling from each of 47 states and the District 
of Columbia (Hawaii and Nlaska are excluded) during the 1971 calendar 
year While abortions wert also performed in New York City, the reports 


' ^ See Laurence l,adei (!%'). p 32) lor more details 

“ VVe need to also assume iliat ihtre have betn uniform levels of enforcement of the 
abortion laws over the period involved in our various price csuinalcs Adjustment for 
the effects of changes in the general prtet level is, then, only one of a set of alterations 
which would be necessary to make these pnee series more representative Unfortunately, 
It u not clear how such additional adjustments should proceed Enforcement expenditures 
arc not alloeatrd by type of oflensc so that it is difficult lo delect changes m their 
distribution 

’ * V\'e are grateful to William C Johnson for suggesting this approach 
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TABLE 1 


Illegal Prices for Abortions* 


State 

Price Stated 
in Record 

(S) 

Price 
m 1971, 
Dotlarsf 

Case 

Date 

Kansas { 

400 

400 

State vs Darling 

1971 

Missouri 

125 

125 

Missouri vs Baker 

1971 

Massachusetts 

600 

600 

Commonwealth vs Bnmelle 

1971 

Kentucky 

100 

111 

Brown vs Commonwealth 

1969 

Washington 

350 

408 

State vs Goddard 

1966 

Wisconsin 

450 

524 

State vs Gresens 

1968 

T enncsscc 

25 

30 

Webster vs State 

1967 

Connecticut 

390 

473 

State vs Orsini 

1%7 

Illinois 

100 

121 

People vs Fulton 

1967 

Michigan! 

500 

607 

People vs Wellman 

1967 

California 

650 

812 

People vs Root 

1966 

Virginia 

500 

625 

Commonwealth vs Russo 

1966 

Florida 

1000 

1249 

Rodriquez vs Florida 

1966 

New Jersey 

400 

500 

State vs Colmer 

1966 

New Mexico 

125 

161 

State vs Gutierrez 

1965 

Nevada 

500 

642 

Adams vs State 

1965 

Texas 

50 

66 

Catching vs State 

1963 

North Carolina 

150 

201 

State vs Mitchner 

1962 

Pennsylvania 

200 

271 

Commonwealth vs Campbell 

1%1 

Mississippi 

25 

34 

Phillips vs Mississippi 

1960 

Arizona 

300 

454 

Arizona vs Roozer 

1955 

Delaware 

150 

227 

Scott vs State 

1955 

Indiana 

350 

528 

Greco vs State 

1954 

Idaho 

150 

226 

Idaho vs Rose 

1954 

Iowa 

50 

76 

State vs Synder 

1953 

West Virginia 

75 

117 

State vs Evans 

1951 

Georgia 

65 

109 

Bugm vs Slate 

1950 

Arkansas 

50 

85 

McClure vs Slate 

1949 

Oregon 

150 

253 

Slate vs Jeanne! 

1948 


• ca5<s ar< indexed m iVfit't General Utgeet Fourth Serus 196Q 1970 1971 and 1972 and for pre 

ceding years the StxtA and Seventh Detenrtial Digests Detailnl Aunimarirs r>r the casrt are reported in seven 
regional reviews (1 e , Atlantic, South, Southeast, Pacific Northeast Northwest and Southwest) 
t I he consumer price index was used to convert to 1971 dollan 

} Darling was apparently involve<l in an earlier proteculion (Slate vs Darling 1966’m which the reported 
prue vtas $120 His conviction apparently caused him to increase hts pricn 

H One other case was found for Michigan in which a price was reported This case reported abortions 
free to college students (Comnionwratili vs Schatlander 1972) Since there were non price-rationing 
criteria (1 e lullege student), it was not considered representative of the illegal market generally available 


of the city’s Department of Health do not identify the point of origin of 
those women coming from out of state for abortions Thus they cannot 
be taken into account in estimating the demand relationship However, 
we shall attempt to account for them in our estimates of the increment 
to an aggregate consumer surplus measure As we noted earlier, the 
New York State law was changed on July 1, 1970 We have assumed the 
abortions performed in the six months prior to January 1, 1971 reflect, 
to some extent, the diflfusion of information on the liberalized code and 
therefore are not representative of the demand patterns for legal abortions 

Distance was taken from the Rand-McNally Road Atlas We have 

‘ ® Distance was measured from the largest city in each slate to BuHalo or Westchester 
County, the two primary centers for the aborUon acUvity in Upstate NcwVork We then 
constructed our distance series by selecting the minimum of these two distances 
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specified a range of travel costs per mile based on different modes of 
travel to the Upstate abortion clinics In all cases the travel is interstate, 
and we have assumed that the costs arc proportional to distance traveled 
These values range from 2 per person per mile for tram travel to 6 8)f 
per person per mile for air travel ^ The data on education, income, and 
age were obtained from the 1972 Count)/ and Cuy Data Book and the 
Staitstical Abstract of the United States, 1973 ‘ ® Information on the proportion 
of the population Catholic was obtained from the National Council of 
Churches’ 1956 report Since records of the number of pregnant women in 
each state were not available, we have utilized the number of live births in 
each state as our proxy for the potential population This measure is ad¬ 
mittedly imperfect, but appeared to perform better as a proxy for the 
relevant population than did the number of women in the childbearmg 
ages in each state The Appendix reports the abortion rates (i e , abortions 
performed in Upstate New York for out-of-state women relative to live 
births in the state of origin) for each state in our sample, ranked by 
travel cost 

Table 2 reports a sample of our estimates of linear demand equations 
and table 3 the log-linear equations The travel-cost measure used in 
these estimates was 5 50 per mile times the one-way distance Adjustments 
to allow for alternative cost per mile measures and/or to account for 
round-tnp mileage require scaling of the travel-cost coefficient m the 
linear specification so that the product of the coefficient and the newly 
scaled cost remain constant They do not require reestimation of the 
relationships ‘ ’ In the case of the log-linear equations, scaling does not 
affect the estimated elasticities but will affect the intercepts Our analysis 
will focus on the linear specification since it can be a first-order approx¬ 
imation of an arbitrary demand function and simplifies the calculation 
of consumer surplus The log-linear estimates are presented for com¬ 
parative purposes Age, income, and education measures were found to 
be intcrcorrelated, and therefore it was difficult to isolate a separate 

‘ ’ Our estimates are based on the following sources (1) automobile, Casti af Operating 
an Automobile (Department of Transportation 1972) 5 50 per vehicle mile, (2) bus travel. 
Bus Facts (National Association of Motor Bus Owners 1971) 380 per mile, (3) train, 
Transportation Facts and Trends (Transportation Assoriation of Amenca 1972} 2 70 per 
mile, (4) air travel, ,4ir Carrier Financial Statistics (CAB 1971) and Air Comer Tragic 
Statistics (CAB 1971) 6 80 per mile 

"US Bureau of the Census 1973a, 1973i A variety of measures of education and 
income were tested We considered the percentage of the population completing high 
school, the percentage of females completing high school, and the percentage of the 
population with at least 4 years of college Our income measures included per capita 
income, median income, and the percentage of families with income m various income 
brackets We report results only for the fina] estimates 

"See Goldberger 1964, pp 185-91 Given the linear relationship is used in benehc 
estimauon, it need not be reesbmated for each travel-cost assumption Moreover, since 
the interest with the iog-lmear specihcation is with the estimated elasticities, we do not 
present the estimates for each assumed travel cost 



TABLE 2 


Ermatbo Travel-Cott Demand Equationi 
FOR Abortions; Linear Form* 




Equation 


VARlABLEf 

I 

2 

3 

4 

Travel cost 

-9 073 

-10 396 

-9 708 

-12 768 


(-3 149) 

(-3 668) 

(-3 589) 

(-4 235) 

Four yean’ college (%) . 

Median age 

Urbamzed (%) 

Income under $3,000 (%) 

0 713 
(0 995) 
0.867 
(1 253) 
-0 270 
(-2 549) 
-0 086 

0 025 

-0 184 
(-2 202) 

-0 594 

Catholic (%) 

(-0 238) 

0 423 

(0 077) 

0 381 

0440 

(-2 077) 

Illegal price 

(4 107) 

0 007 

(3 577) 

0 006 

(4 665) 

0 010 


Intercept 

(1 226) 
-9 431 

(0 952) 

5 007 

(1 885) 

14 506 

21 350 


503 

455 

510 

319 


* The vftluet m parentheses are Student Miatiitics calcuiaied for the null hypothesis of no association, 
II the coefficient of determination adjusted for decrees of freedom 
t The other independent variables examined are summarized in n 16 


TABLE 3 

Estimated Travel-Cost Demand Equations 
for Abortions Loo-Linear Form 


Equation 

Independent - 

Variable 12 3 4 


Travel cost 

Four yean' college (%) 
Median age 
Urbanized (%) 

Income under $3,000 (%) 
Catholic (%) 

Illegal price 
Intercept 


-1 042 

-1 422 

(-3 518) 
-3 233 

(-4 565) 

(-1 844) 

7 985 


(1 892) 
-I 281 


(-0 939) 
-1 816 

-0 199 

(-1 482) 
-0 284 

(-0 165) 
-0 258 

(-1 081) 

0 077 

(-0 909) 
0 024 

(0 184) 
-9 230 

(0 053) 
0 479 

453 

.310 


- 1 443 - 1 140 

(-5 102) (-3 981) 

-4 695 
(-3 156) 


-1 684 
(-1 371) 

-1 687 
(-1 751) 

-0 165 
(-0 634) 

0 234 
(0 606) 

5 579 14 741 

339 440 


Note — The values in parentheses are Student I'StaluCics calculated for the null hypothcsu of no asaocialtoo, 
II the coefficient of determination adjusted for defrecs of freedom 
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effect for each Equation (3) was taken as our “best” model for the linear 
specification Both travel cost and illegal price were found to be statis¬ 
tically significant with one-tailed tests An income measure did not 
appear to influence the relationship, however, the percentage of urban¬ 
ization variable showed a significant negative relationship It should be 
noted that when the percentage Catholic, percentage urbanized, and the 
illegal price are omitted from the equation, one income measure does 
appear to have a statistically significant effect on the demand This 
influence cannot be attributed solely to income since it may be reflecting 
the omitted variables’ influences on the abortion rate 

The results generally conform to our a prion expectations A surprising 
result was the estimated effect for the percentage Catholic variable 
Despite the potential for ambiguity in the sign, we expected the effect 
of Catholic opposition to abortion to dominate, yielding a negative 
coefficient However, our measure of the percentage Catholu has a 
positive and statistically significant effect on the abortion rate There are 
a variety of explanations which might be posed to rationalize this result 
One might suggest that Catholics use abortion rather than contraceptives 
as their mechanism for fertility control While the Catholic view on 
contraceptive techniques is generally one of opposition (with the exception 
ol the rhythm method), this opposition appears to be less inclusive than 
that associated with abortion The evidence cited earlier on the Catholic 
church’s attitude toward abortion would seem to confirm this view 
Accordingly, we feel that this explanation is not likely to be correct 

A second potential explanation, consistent with the C’athohc church’s 
opposition to abortion, would suggest that the greater the Catholic 
population in a given state, the more stringent is the enforcement of the 
antiabortion statutes This enforcement increases the risk of performing 
illegal abortions and therefore increases the supply prices for all quality 
levels Thus a positive effect for the percentage Catholic variable reflects 
the restriction of illegal market oppiortumties This hypothesis would 
imply that our illegal price measure indicates the effects of one class of 
substitutes while the C'atholit measure captures a wider range of sub¬ 
stitutes 

Finally, one might suggest that this result is a statistical artifact and 
does not reflect the “true” relationship A review of the estimated effect 
for this variable in the log-hnear equations indicates that the percentage 
Catholic has, in all cases, a negative, statistically insignificant effect This 

As table 1 indicates, there arc only 29 of our 48 observations for which we have 
measures of the illegal pnee Accordingly, in estimating the model we face a problem 
of missing observations We have used the zero-order regression method (see Ahfi and 
Elashofl 1967) which replaces the missing values with the mean value over the 29 
observations In the case of the linear model fwiih a single regressor), this method provides 
unbiased estimates of the parameter but does not improve efficiency over that estimator 
which used a sample restricted to complete observations 
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result IS the only contradiction in the sign of an estimated effect across 
the alternative specifications 

There are likely to be additional explanations for this finding Unfortu¬ 
nately, without additional information we cannot discriminate between 
them While our tendency is to favor the last explanation, we shall 
utilize specification (3) for the estimation of consumer surplus because 
of the strength of the percentage Catholic variable Equation (3) also 
provided more conservative estimates of the consumer surplus increment 
than did the others we examined 

Before proceeding to discuss the estimates of the consumer surplus gams 
from the Supreme Court ruling, some attention should be given to the 
rather unique character of our data and its piotential influence on the 
results First, one might reasonably suspect that individuals traveling 
from great distances would go to New York City rather than to Upstate 
New York because it is more accessible While we have attempted to 
account for these effects between the Upstate centers, we could not 
include New York City nonresident abortions m our sample, because 
(as we noted) the point of origin was not identified Table A1 rejxirts 
the abortion to live birth ratios for the 48 origins in our sample These 
data indicate that the abortion rate is low for distant states, but it is not 
clear that we can make an unambiguous judgment on whether our 
sample is biased toward greater sensitivity to travel-cost changes with this 
information alone In addition, we have a second problem which may 
be influencing our sample estimates The data do not include those 
women with quite small travel costs because they are, for the most part, 
residents of New York State This omission may serve to distort the 
demand in the oppiosite direction These effects may give rise to an 
errors in vanables problem If we assume that the measurement error 
and the true price measure are uncorrelated, then the bias in our estimates 
of the price effect will depend on the variance in this error relative to the 
variance in the true price As this ratio declines, the bias goes to zero 
In general this view of the problem would suggest that the estimated 
price effect would understate the true effect 

In order to assess the potential bias and to determine the overall repre¬ 
sentativeness of our findings, we compared the predictions from equation 
(3) in table 2 with the 1972 abortion rates in Upstate clinics for women 
from each of the 57 Upstate counties in New York That is, using the 
estimated travel costs for each county as well as the relevant socio¬ 
economic characteristics for the county, except the illegal price and 
percentage Catholic which were not available at the county level, wc 
forecasted the abortion rates implied by the model and compared them 


We are grateful to an anonymous referee for bringing this point to our attention 
’ * Robert Haveman brought this point to our attention 
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TABLE 4 

Fokecastino Abiutv or the Model 


Statutic Estimate 


Theil’s ine^aJjty coefficient (II) 966 

Partial coefficient due to bias (0„) 171 

Partial coefficient due to variance (U,) 818 

Partial coefficient due to covanance (U^) 011 


Not? —Se« Theil (1961} pp U-3ti for disciuston of ihMc meaturec of inequality of predictions and 
actual outcomes 6 ^ designates proportion of inequality due to/th effect, hence +£/■+£/«* 1 


with the actual ratei ^ ^ To measure the agreement between the predicted 
and actual rates, we report Theil’s (1961) coefficient of inequality and 
partial coefficients of inequality in table 4 Theil’s inequality coefficient 
ranges from zero to unity, with zero indicating perfect forecasting and 
one indicating maximum inequality The coefficient suggests that our 
model IS not particularly good for forecasting However, in decomposing 
the inequality coefficient into components due to unequal central tendency 
or bias, unequal variation, and imperfect covariation, we find a low 
value for the partial coefficient due to bias, indicating that only a small 
component of total inequality observed is due to this type of systematic 
error. The partial coefficient due to variance suggests that there arc great 
variations in the abortion rates which our model does not pick up The 
omitted variables may account for this Alternatively, the character of the 
wichin-state demand for abortions may be quite different from that of 
other states The early liberalization of New York’s abortion statutes 
would seem to imply that this is a reasonable possibility In general, the 
county abortion rates are larger than those which the model predicts, and 
the regression coefficient of the actual on the predicted values is 13 96 
Accordingly, the model appears conservative in its predictions and is 
thus likely to understate the estimated consumer surplus 
The measurement of the gam as a consequence of the Supreme Court 
decision requires several simplifying assumptions First, we shall assume 
that this decision offered all women who were jxitentially interested in 
obtaining an abortion an effective supply of the service in their state 
within at least 180 miles of their homes Second, we shall assume the 
ruling did not affect any other component of costs (i e , medical or time 

In forec^sung the aboriion rates, we used the mean values for illegal price and 
proportion Catholic Thu selection was arbitrary and based on minimizing the variance 
in the forecast error (see Goldberger 1964, pp 21(1-11) 

^‘Clearly the specification of the travel cost after liberalization is largely arbitrary 
One hundred and eighty miles was selected so that we might approximate the new travel 
Mst as $10 each way, assummg a 5 5^ per mile cost figure To the extent the new cost 
s less than this and wc expect chat it will be in several states, we have underestimated 
the consumer surplus gam from those states 
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expanses arc assumed constant) Finally, the quality of the care in each 
state after the liberalization will be assumed to be such that all states’ 
services can be considered perfect substitutes Our measure of the incre¬ 
ment to aggregate consumer surplus is simply the sum of the increments 
to consumer surplus in each state In terms of figure 1, DD' is an example 
of our linear demand schedule with F, the price at the old travel cost and 
Pi the price at the new The area P^AEP^ is the increment to consumer 
surplus from the price change from O/*, to OP 2 More formally, 

AC5 = T r‘f,iP)dP, 

“ Jfii 

where ACS = change in consumer surplus, P = price, and n »» number 
of states Assuming the demand schedules for each state are the same as 
our estimated relationship, we can calculate the increment to consumer 
surplus Table 5 rcfxirts the predicted total number of abortions after 
the price change They were estimated by using the demand relationship 
for Upstate nonresident abortions and the number of nonresident 
abortions in New York City in 1971 
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TABLE 5 

AN^^UAL Benefits prom Abortion Liberalization 


Geographic Base 
or 

Estimates 

Estimated 

Abortions 

Consumer Surplus Increment 
BY Travel Mode ($ Miluon) 

Tram Air 

Upstate New York 

14,490* 

0,19 

0 47 

New York City 

I30,802t 

1,69 

4 25 

Total 

145,292 

1 88 

4 72 


• T his estimate relates to the number of abortions for other than New York Slate reauients if the price 
was based on a SiO {each way) travel cost I'hiring 1971 26,698 abortions were performed in Upatate New 
York for nonrcBidenis Our model predicted eubstantially fewer at the existing travel coats—7,246 If the 
actual number of abortions in 1971 ts used rather than the predicted and we attribute the average consumer 
surplus increment to each the total benefits in miUtons of dollars become 2 03 for tram and 5 13 for air 
t This estimate corresponds to the number of induced abortions performed in New York City in 1971 for 
nonresidents The prediction assumes the price change has no effect on their abortions Clearly this is 
unlikely However we have no basis for an alternative estimate 


In these computations, we have focused on the implications of the 
price change for nonresident abortions Since New York State’s abortion 
code did not require alteration after the Supreme Court ruling, we have 
assumed New York residents were not affected ^ * Our estimates suggest 
that the average round-trip savings (consumer surplus) ranges from $13 
to $33 per woman Applying these average consumer surplus increments 
for Upstate abortions to all abortions in the state indicates that the 
estimated annual benefits of the puce change resulting from the ruling, 
to those who previously would have traveled to New York for abortions, 
ranges from $1 9 million to $4 7 million, depending on the assumed 
travel cost per mile It should be noted that in all cases we have selected 
the most conservative estimates of the benefits Accordingly, there is good 
reason to expect that the annua) benefits will be considerably higher 
than our estimates Nonetheless, if we consider the estimated benefits 
foregone in the absence of the liberalization, for a 10-year period, using 
a 10 percent discount rate, the present value of these costs ranges from 
$12 million to $30 million 


m. Concluding Remarks 

In discussing an extension to the conventional Pareto allocation criteria, 
Roberts (1973) has recently concluded that “institutions and similar social 
parameters are properly a component for the efficient allocation of 


There is, of course, the loss of earnings and employment effects associated with a 
reduction in the number of abortions However, the health sector is probably best 
characterized as one facing excess demand, and accordingly, the tosses here are likely 
to be minimal 
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resources in promoting social welfare.” This paper has illustrated a 
means of measuring the costs of one such institutional constraint—the 
statutes govenung induced abortions Our findings indicate that if 
existing statutes were to remain in force for 10 years, the welfare losses 
to those seeking legal abortions might range in value from $12 million 
to $30 million in present value terms 
Ordinarily, one might conclude such an analysis with mention that this 
study IS not a full benefit-cost analysis of liberalization in abortion codes, 
there are losses to certain groups in the community as a result of the 
decision. The emergence of groups opposed to abortion reform, such as 
the Right-to-Life organization, indicates that there is an impiortant subset 
of the population which experiences sigpiificant psychic losses from any 
liberalization in the codes In principle, they ought to be willing to bribe 
others not to reform Thus we have no evidence, m Kaldor-Hicks terms, 
on the magnitude of the net benefits (or losses) associated with the change 
However, given the strong sentiment on both sides of this issue, we feel 
there is a need to go further and be particularly dogmatic on the use and 
interpretation of these estimates Our consumer surplus measure assumes 
that a liberalized abortion code exists in a particular location. The 
analysis then attempts to measure the benefits to those seeking legal 
abortions from extending the code generally We do not presume to have 
measured the benefits from legal abortion We have propioscd a method 
for evaluating some of the welfare losses associated with restrictive legal 
statutes and therefore indirectly suggest that the issues raised by Buchanan 
and Roberts may be quite significant 


** Robrru 1973, p 399 He further suggests that “social structures cannot be ignored 
by being taken as either given or tvithout historical basis Finally, the extent and costs of 
institutional change often provide incentives for individuals not to reveal their preferences, 
as m the case of purely public goods ** As we noted in n 3 above, the historical view of 
these codes suggests that when the medical and surgical technology was limited they did 
serve to prevent welfare losses However, the inertia in legislative action and nonrcveiation 
problems noted by Roberts are likely to have been important in maintaining the codes 
so long after serving their original purpose 

*’The current interest m Rawls’s (1971) contract theory of justice by ccononusU 
suggests that aspects of moral philosophy may again play a role in some ccononuc 
analysis There are significant moral usucs associated with liberalization of the abortion 
codes Since our analysis applies to statute reform and u not a beneht<cost analysis of 
abortion, we do not feel it is appropriate for us to raise these moral issues m these 
concluding comments 
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TABLE A1 

Abortions in Upstate New Yorx Relative to 
Live Births for Sample Orioins 


Origin 

Aboruon 

Rate 

Ongin 

Abortion 

Rate 

Oregon 

006 

Georgia 

10 13 

California 

009 

Missouri 

12 53 

Washington 

0 76 

Tennessee 

10 47 

Nevada 

0 60 

South Carolina 

2 57 

Idaho 

021 

Wisconsin 

4 69 

Arizona 

0 33 

Illinois 

721 

Montana 

050 

Kentucky 

14 08 

Utah 

on 

North Carolina 

209 

New Mexico 

000 

Indiana 

10 48 

Colorado 

6 32 

West Virginia 

4 72 

Wyoming 

5 67 

Maine 

17 76 

North D^ota 

1 55 

Virgima 

309 

Texas 

1 46 

Mi^gan 

940 

Oitiahoma 

1 64 

New Hampshire 

21 85 

South Dakota 

2 IS 

District of Columbia 

1 28 

Louisiana 

1 46 

Vermont 

47 38 

Ka.nsas 

0 76 

Maryland 

3 16 

Florida 

8 29 

Ohio 

12 18 

Mississippi 

256 

Massachusetts 

48 24 

Arkansas 

2 43 

Rhode Island 

21.27 

Nebraska 

6 31 

Connecticut 

22 53 

Alabama 

I 95 

Delaware 

240 

Minnesota 

3 56 

Pennsylvania 

10 07 

Iowa 

2 07 

New Jersey 

15 78 


N'oie —'fhr utates are ranked according W dtsfance from thr abortion ci»nier The abortion rate u the 
abor(ion« performed in Upstate New York relative to live births (in thousands) 
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Destabilizing Speculation: A General 
Equilibrium Approach 


Harry G. Johnson 

Untoersilji tf Chicago 


Friedman’s proposition that destabilizing speculators must lose money is 
easily proved with partial equilibrium analysis But this analysis proves 
too much In a general equilibrium analysis, assuming speculation 
implies institutional arrangements for borrowing goods one period and 
repaying them the next, one party must gain and the other party and 
the whole community lose from destabilizing speculation, but whether 
the initiator gains or loses depends on tastes and the commodity de¬ 
nomination of the contract 


Ever since Milton Friedman’s classic article on “The Case for Flexible 
Exchange Rates,”* theorists have been concerned to dispute one of 
Friedman’s most contentious propositions, namely, that destabilizing 
speculators must lose money (Note that this does not imply the converse 
proposition, that stabilizing speculators necessarily make money—sec 
below ) The critics have, however, in the judgment of those who have 
studied the matter, failed to make their case their counterexamples have 
implicitly either selected arbitrarily a small group of especially clever 
destabilizing speculators who make money at the expense of other 
destabilizing speculators (the whole group losing in total), or imputed 
to destabilizing speculators profits that are not realized—and could not 
be realized—through market closure of the speculation (see Tclser 1959) 
Yet there remains uneasiness about Friedman’s result 

Part of the uneasiness stems, obviously, from the emotional attachment 

I am grateful to my colleagues Lester Tclser and Jacob Frenkel, especially the latter, 
for very useful rommenls on the first draft of this note 
' See fried man (1953), pp 157-203, abridged in Caves and Johnson (1968), chap 25, 
pp 413 37 See also Johnson (1973), chap 8, pp 198-222, esp p 214, for an analysis 
similar to Friedman's Friedman’s n 8 can be construed as protccung his argument 
against criticisms implicit m the argument of this note 
of Poltlual Etaumy, 1976, vol 84, no I] 

(£ 1976 by The Univcmly of Chicsfo Ail nghls reserved 
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of many economists to a popular stereotype, applied particularly to the 
case of speculation of all sorts* that the speculator is typically a man 
who derives a private profit l>y creating social woe as characterized 
most starkly by the speculator who hoards gram in the early stages of a 
famine (and is sometimes shot for his foresight). But there is a deeper 
reason for uneasiness, centering on the question of identification and 
desenpuon of “the destabilizing speculator,” and specifically from the 
fact that the unconscious (and apparently not unreasonable) assumptions 
of partial equilibrium analysis dictate Friedman’s countcrstereotypical 
conclusion 

The basic difficulty would seem to be that for every buyer there must 
be a seller, and vice versa, that, consequently, every time that specula¬ 
tion—defined as purchase now for sale later, or vice versa—occurs, there 
must be (at least) two speculators present, one buying for resale and the 
other selling for repurchase, that, therefore, one can discuss “destabilizing 
speculators” and their profits or losses only by concentrating attention 
on one side of the market in speculative transactions, and that, finally, 
there is no fundamental rationale for doing this other than the artificial 
conventions ol economic theory itself, and particularly of partial equilib¬ 
rium analysis with its built-m bias toward looking at the demand side 
of the market (or at the money side of the money-goods exchange) 

The purpose of this note is to anahze the problem in general equilib¬ 
rium terms, and particularly to show that one group of speculators m a 
situation in winch speculation is “destabilizing” must make profits and 
the remainder, and the whole group together, make losses In the course 
of the analysis, some comments are offered on the bias of implicit assump¬ 
tions commonly held about the nature of a money economy, assumptions 
incorporated particularly in the Marshallian partial equilibrium, demand- 
and-supply analysis 

The Friedman analysis can, first, be put very simply in terms of 
demand-supply analysis, as depicted in figure la and i 

Figure la represents a case of pure destabilizing speculation The 
demand and the supply curve (DD and SS) are constant period by period 
(and drawn for diagrammatic simplicity with equal and opposite slopes, 
as are the curves in fig 16) In the absence of speculation, cquihbrium 
IS at with consumers’ surplus the area to the left of DD above 
and producers’ surplus the area to the left of SS below P^Q, The spec¬ 
ulator now buys MJV in period 1, raising price to P^, increasing producers’ 
surplus by P^Q^NP^, and reducing consumers’ surplus by 
giving a net gain to nonspeculators of MQ^N by comparison with the 
nospeculation situation In the next period he sells VT = MN at price 
/*,, increasing consumers’ surplus by P^Q^TPi and reducing producers’ 
surplus by P^Q^VP^, giving a net gam to nonspeculators of VQ^T by 
comparison with the no-speculation situation The “destabilizing spec- 
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ulator” loses MVTN, of which half {MQ,N + VQ,T) is a transfer to 
consumers’ and producers' surplus and half {MQ,V + NQfT) is social 
loss represented by divergence between the marginal consumption value 
and marginal cost of output. 

Figiu^ 16 represents the converse case of perfect stabilmng speculation. 
The supply curve is assumed to shift over two periods from SiSf to S 2 S 2 , 
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leading to equilibrium at Q, and ^2 prices P, and Pj in the absence 
of speculation Perfect speculation sets the equilibrium at Q, with price /*, 
in teth periods, yielding zero profits to the speculator but a net gam of 
producers’ surplus of QtQjQ, m the first period and a net gain of con¬ 
sumers’ surplus of QzQsQ, in the second period Note specifically that the 
perfect stabilizing spieculation assumed m the diagrammatic construction 
leads to neither profit nor loss for the speculators, if speculation were not 
perfect the speculators could wind up with net profits, if they speculated 
“too little,’’ and with net losses, if they speculated “too much,’’ while 
still making the prices more stable (vary less between periods) than would 
have been the case m the absence of speculation 

Note that we have actually established two conclusions rather than the 
single one stressed bv Friedman that destabilizing speculators necessarily 
lose money, and that whether speculators’ aciivities are stabilizing or 
destabilizing, the nonspeculators always gam from the presence of 
speculation The second result is even more curious than the first, and, 
if It IS taken seriously, it implies that the whole debate over “destabilizing 
speculation” is beside the point—as long as we can define “speculators” 
as people whose welfare we do not care about (and that is implicit in the 
conventional social connotation of the term “speculator”), the more they 
speculate, whether in stabilizing or destabilizing fashion, the better for 
everyone else 

Tlie foregoing remark calls attention to one of the biases in the con¬ 
ventional argument, the idcnlificalioii of speculators with people we do 
not c.ire about A more important bias is implicit in, but disguised by, 
the use of .Marshallian partial-equilibrium analysis in the foregoing 
analysis Ii is implicit, in both figures, that the nonspeculativc sector 
of the economv is willing in the first period to supply goods without 
spending all tht proceeds on consumption, and in the second period to 
consume more than it is currently earning from sales In short, where 
the “speculative sector” buys goods now in order to sell them later, 
presumablv in the expiectation of a profit, the “nonspeculativc sector” 
sells goods now in order to buy them back later, presumably equally in 
the expectation of (some sort of ) profit Under these circumstances, how 
can one reasonabls' distinguish one group as “speculators” from the 
remainders as “nonspeculators”’ The answer is, only by assuming that 
the “speculators” arc conscious of what they are doing but the “non¬ 
speculators” are not, and building the economic analysis on acceptance 
of the “nonspcculators” view of themselves Some apparent plausibility 
can be given to this procedure by appealing to the nature of “money” as 
contrasted with “gcxids” and arguing that the holder of money is by 
social convention empowered to turn it into goods on demand by 
purchase, while the holder of goods is not entitled by convention to 
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demand that purchasers buy his goods in exchange for money But this 
argument is inadequate, because the “nonspeculators” are required not 
merely to sell goods for money on demand but to hold the money and 
not re-spend it on goods in general and this good in particular All that 
one can reasonably say on the basis of the analysis presented is that when 
goods could be produced and consumed in a steady flow over time any 
activity that causes production and consumption to occur unevenly (and 
unequally) over time by transferring output between periods reduces 
welfare, and conversely any activity that transfers goods from periods of 
abundance to periods of scarcity through storage and de-storage increases 
welfare, by comparison with a situation in which current supply has to 
be currently consumed 

We now turn to the general equilibrium formulation of the problem, 
in a “barter” model Figure 2 shows the familiar Edgeworth-Bowlcy 
consumption contract box, on the assumption that A has a relative 
marginal preference for X, the initial (nonspeculativc) equilibrium being 
at Now, suppose that speculation ran occur, via an agreement that 
one can borrow consumption from the other in one period on condition 
of repayment of the exact amount borrowed in the next—which may be 
specified in terms of one or other of the commodities or a mixture of them, 
and for convenience is specified in terms of F (There is no point in 
introducing interest, which is an unnecessary complication, since it 
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assumes the presence of profitable investment which will be available 
whether or not speculation can take place) The two halves of a spec¬ 
ulation involve A starting with budget lines through Qi and Qj 
(Q,P^ = PfQi) and trading to points P, and Pj on the contract curve, 
U, and C/j are the intersections of the relevant indifference curves for A 
with the ray OP through distances along which from 0 represent A'a 
level of wclftire on the assumption—reasonable for this problem A and 
also implicit in the Marshallian technique—that the marginal utility of 
income to A at constant prices is constant It is evident that the distance 
UjP, IS less than the distance P^U'^, both because the budget line through 
Qi IS steeper than that through Q 2 (by a familiar property of the contract 
curve) and because U^ and must he northwest of the respective budget 
lines (by concavit\ of the indifference curves) so that A gams on net from 
speculation By parallel reasoning it can easily be shown that £ must lose 
by speculation Further, on the assumption that the marginal utility of 
income is the same for A as for B at —an assumption that is reasonable 
because otherwise there should be a continuing net transfer of resources 
between the two individuals sufficient to equate the marginal utilities of 
income to them and hence maximize social welfare—it can be shown 
that speculation in these circumstances must reduce total welfare (m other 
words, be “destabilizing” in the fundamental sense) 

We have thus proved that, in the case of destabilizing speculation, one 
party must lose, the other gain, and the two together lose, the gamer being 
the one with the relative tnaiginai preference for the mmhaire good 
(Note that, on the assumptions made in the previous paragraph, it is 
only this difference in preference that differentiates the individuals) But 
who IS “the destabilizing speculator”^ By the agreement permitting 
speculation, either parly may initiate speculation If we define “the 
destabilizing speculator” as the party that initiates the speculation, then 
if that party is individual >4 he is a “destabilizing spieculator” who makes 
a profit from his destabilizing and social-welfarc-reducing actions, but if 
It IS individual 5 he is a “destabilizing speculator” who makes a loss for 
himself and for sotiety (but benefits the “nonsperulating” party) Con¬ 
versely, if the agreement permitting speculation specified exact repayment 
in terms of X instead of I, and A initiated destabilizing speculation, he 
would lose for himself and society as a whole but benefit B, while if B 
initiated it he would gam for himself but cause losses for A and for society 
as a whole 

It IS, in short, a purelv arbitrary assumption, though one apparently 
jjcrfcctJy natural and reasonable in a money economy, that speculation 
is defined tn terms of equal successive receipts and payments of com¬ 
modities, not money, that the initiator of speculation is assumed to be the 
initial holder of money, and that destabilizing speculation involves an 
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initial nse followed by a fall in the relative price of the mtmSratre com¬ 
modity for the speculative contract—^which ensures that Friedman’s con¬ 
tention that a destabilizing speculator loses money must hold Note that 
if it were the holder or supplier of goods who initiated the destabilizing 
speculation, with the tacit agreement of the initial money holder, the 
“destabilizing speculator” would gain, though by less than the social 
loss his actions imposed—as is reflected in the second proposition proved 
with Marshallian techniques above Further, in the case of speculation 
in the foreign exchange market, the proximate exchange is of one money 
for another, not of goods for money, so that one cannot in that case take 
refuge in the contrasting characteristics of “money” and “goods” to lend 
credibility to the Friedman result 

In view of this analysis, it would seem wisest, particularly given the 
dominance in the thinking of many economists of conventional stereotypes 
about the antisocial nature of speculation, to abandon the emphasis of 
the Friedman analysis on the proposition that “destabilizing speculators 
must lose money ” Instead, attention should be concentrated on the 
fundamental points that whenever anything can be reallocated over time 
through storage, the possibility of stabilizing and destabilizing speculation 
arises, that the use of money, as a virtually costless storable alternative to 
goods, maximizes the possibilities of both stabilizing and destabilizing 
speculation, that destabilizing speculation involves a social loss, though 
generally a welfare gain for some subgroup in the total society, that, 
consequently, in the particular case of the debate over flexible versus fixed 
rates of exchange, the empirically imjxirtant question is whether the 
speculation inherent in the maintenance of a fixed rate will generate more 
or less destabilizing speculation than would occur with a floating rate 
and no (or possibly limited) official speculation on the exchange rate. 
(A more subtle point, made by Stanley Fischer in another context of 
discussion, IS that the fundamental consideration should be welfare, not 
price stability, since risk preference may make price variation welfare 
optimal This point was made earlier by Friedman [1969] ) 

In conclusion, it should be mentioned as a matter of intellectual origins 
that this note follows directly from work conducted over many years on 
the economics of reversed international transfers, with special reference 
to the social consequences of the maintenance of fixed exchange rates 
(see Johnson [1974], pp 79-110, which includes references to previous 
literature), and that the most recent piece of this work, which employs a 
model including two goods and money, with money demand detennmed 
by a velocity coefficient, indicates that there is a central range of param¬ 
eter variation withm which both parties to the agreement that makes 
spieculation possible must lose economic welfare as a consequence of 
“destabilizing speculation” (sec Johnson, forthcommg) Finally, the reader’s 
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ntmion should be called .0 a recent aym^um in ^ 
ofEmomics m the vw ^m../ar problem of whether the 
from price imtabiln\ 'see Hueth and Srhnnfa 1972; Oi 1972; Smuebon 
l‘)72a. 1972K and Wau^rh 13'^^ 
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Pareto: A View of the Present 
through the Past 


Vincent J. Tarascio 

Umverstfy North Carolina, Chapel Htll 


This paper examines those factors which caused Pareto to change his 
philosophical views with age and the effect of these changes on the 
man and his work. The approach is essentially biographical Finally, 
the present state of economics is viewed in the context of the historical 
background of the paper in order to provide a perspective often lacking 
among economists because of their preoccupation with the present 


In his book on Pareto, Professor Finer begins the opening chapter with 
the succinct observation that “Pareto was born in 1848, the annus mtrabtlts 
of liberalism He died in 1923, ten months after the fascist March on 
Rome” (1966, p 3) Other than the fact that Pareto’s life span coincided 
with the decline of an intellectual epoch from the peak of its piopulanty 
to Its practical demise, such a coincidence would be of little interest 
Nevertheless, Pareto’s own views over his lifetime appear to reflect a 
change corresponding to the change in the climate of opinion theories 
of progress, perfectibility, and jxisitivism become the objects of open 
attack by the end of the nineteenth century The consensus is that Pareto 
began as a staunch supporter of liberalism and ended as a precursor of 
fascism, if not its supporter ‘ The fact of the matter is that Pareto’s 
sentiments remained liberal to his death, although his skepticism caused 
him to mistrust beliefs, including his own 

The purpose of this paper is to examine those factors which caused 
Pareto to change his philosophical views with age and the effect of these 

Presidential address delivered at the History of Economics Society Conference, Harvard 
University, May 23, 1975 

‘ Since consensus is often incorrect, one should not be surprised to learn that this 
particular view is also incorrect In spite of contrary evidence the consensus persists, 
because such myths assume an existence of their own quite independent of factual 
realism For more on this issue, see Tarascio (1968, p 11) 

[Journal of Pohtual Etittomy, 1976, vol 84, no 1] 
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changes on the man and his work My approach wiU be essentially 
biographical Pareto’s life will be divided into three periods—Itdy, 
Lausanne, and Celigny—which represented not only changes in physical 
location but also changes in orientations Finally, I shall argue that there 
IS a message in Pareto, which is as current as it was in Pareto’s time 

The Italy Period 

Vilfredo Pareto, the son of an Italian nobleman, arrived in Italy in 1858, 
when he was 10 years of age His father had been living in France in 
voluntary exile, having been a partisan of the Mazzini movement The 
extent to which the father’s political sentiments influenced the son is not 
clear It is clear tliat Pareto possessed a predisposition toward economic 
liberalism quite early “I was about 16 years of age when I happiened to 
read two authors of contrary nature, namely, Boussuct and Bastiat The 
former I disliked intensely, the latter fully satisfied by sentiments” 
(Pareto 1907) 

Later Pareto entered the Polytechnic Institute of Turin, where he 
acquired a professional command of mathematics and where he was 
graduated with a doctor’s degree in engineering in 1868, at the age of 20 
By this time, Pareto had become a devoted disciple of liberalism He 
himself provides a vision of his youthful ideals 

In 1868 I was 20 years of age, and I was able to add reason to 
those [laisse? faire] sentiments It seemed to me then, as it 
seemed to just about ail men, that my convictions were the 
result of reason I did not realize that my reason was only an 
attempt to give a logical appearance to that which the sentiment 
led me to believe 

I became enamored of Buckle His work appeared to me to be 
the ultimate in reason in the social sciences Here I encountered 
the methods used in physics, methods which I was studying 
at the University, and it amazed me that there were persons so 
Ignorant and so supierstitious as not to understand those 
doctrines 

My creed at that time was approximately as follows Political 
economy, as it had been constituted by the classical economists, 
was a perfect science, or almost perfect. All that remained was 
to put the principles into practice It was necessary to imitate 
the Cobden League, which was most useful and the most 
sublime thing tn humanity In politics, the sovereignty of the 
people was axiomatic, liberty was the universal panacea. 
History showed good, honest, intelligent people oppressed by 
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the upper classes, by their own superstition Militarism and 
religion were the major scourges of mankind. Caesar among the 
ancients, Napoleon I and Napoleon III among the modems 
were malefactors to me. I denied or at least excused the evils of 
democracy. The Terror was a slight blemish in the luminous 
picture of the French Revolution [1907] 

These were Pareto’s beliefs at about the time he embarked on a business 
career. 

After serving as a consulting engineer for the railways, Pareto became 
general superintendent of the ironworks at Val d’Arno As a businessman, 
he devoted himself to the practical realization of the liberal ideals; he 
sided with the friends of liberalism and free trade, he joined and became 
an active member of the Adam Smith Society in Florence He even stood 
for Parliament from the district of Pistoria on a free-trade platform He 
was defeated 

In spite of his practical orientations, Pareto’s interest in scientific and 
intellectual fields continued to develop He knew French, English, Latin, 
and Greek * He acquired a knowledge of Greek history and became a 
learned classical scholar It was dunng this period that he was introduced 
to the philosophy of Comte and the economics of Walras The practical, 
scientific, and intellectual aspects of one’s endeavors were not as dichot¬ 
omized as they are today, and this ambience is reflected in Pareto’s 
decisive friendships with such persons as Domenico Comparetti, the 
famous philologist and Hellenist, Arturo Linacher, a learned classicist; 
Sidney Sonmno, the statesman, Giustino Fortunato, the biographer, and 
A Franchetti, who at the time was working on a translation of Aristoph¬ 
anes They were all members of a g;roup which gathered at the house 
of Peruzzi, the meeting place of some of the most brilliant minds of the 
period in Florence The prevailing climate of opinion among many 
intellectuals was reflected in Pareto’s intellectual circle Finer describes 
this prevailing climate as follows “The age in which he [Pareto] grew 
up was dominated by belief in social and matcnal progress, in human 
perfectibility, and in scientific positivism The paths by which thinkers 
and believers reached these common conclusions were various, but the 
outcome was much the same In their various ways the fashionable 
arguments reached a consensus for democracy and rationality, for free 
trade and the market economy, for pacificism and humanitarianism, and 
the fact that these arguments were different seemed to make the final 
consensus all the more convincing” (1%6, p 3) What remained was to 
put these philosophies into practice, a task to which Pareto the reformer 
devoted himself 

’ There u some dispute as to Pareto’s knowledge of German For deuuls, see ibid , 
p 8, n 13 
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The practical realization of the liberal ideals did not materialize m 
Italy Indeed, politics in Italy went another way. For Pareto, doubts and 
disillusion began to appear 

When the left came to power in Italy, when the empire succeeded 
the republic in France, I was partially forced to recognize that 
my theories did not correspond to the facts I modified my 
theories, in part, and drew near to the ideas of a conservative 
liberal, rather like those of G de Mohnan 

Studying history closer, I saw that what had earlier seemed 
simple was instead very complex I began to understand that 
the word “democracy” signified everything and nothing 

In political economy, the nonsense of the opponents always 
confirmed for me again the economic doctrines of the classicals 
[Pareto 1907] 

With time, he withdrew from the mainstream of Italian politics After the 
death of his father m 1882, he retired with the intention of preparing 
himself for a professorship in economics For 11 long years he was unable 
to secure the position he sought m Italy Both he and Pantaleoni were 
eventually forced to abandon their homeland and seek employment in 
Switzerland 

Here was a man who, having failed as a liberal reformer, packed up 
hts dreams and earned them to Switzerland in 1893, at the age of 45 
Pareto had contributed virtually nothing to science Indeed, even as 
great an admirer as Bousquet came close to characterizing this period 
of Pareto’s life as a failure 

His immense erudition remained under a bushel He had 
perhaps not spoiled his life, but nothing suggested that he was 
to do an\ thing notable in the course of it 

He was an idealist, highly intelhgent, of indomitable energy, 
profound honestt, who revolted (rather naively) at seeing the 
world SC) little in accordance with hts ideal, and who, to the 
extent that his feeble strength picrmitted, grappled m vain with 
the petty realities of political life, and its often sordid coalitions 
of interests If he had died at forty-two, nobody would have 
suspected that one day he would be hailed as a thinker, and I 
doubt whether, even in the most detailed Italian works on 
economic or political history, his name would even have 
appeared somewhere in a footnote. This silence would have 
been fully justified [1961, p 323] 

At 45, an age when many persons view their best years as being behind 
them, Pareto launched himself on a new career as a professor at the 
University of Lausanne 
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Tlie LmuEume Period 

Pareto arrived at Lausanne in 1893 At first his woric in economics 
reflected the influence of Walras, but with time he tended to dnft away 
from Walras, and his work began to take on its own special flavor As 
for Pareto’s liberal sentiments, these too changed with time Let us begin 
with his economics. He tells us: “In 1893 when I came to Lausanne I was 
still a “liberal economist ’’ . The task of teaching compelled me to 

study It [economics] more thoroughly I saw that many of my theories 
had to be modified m order to become scientific The same situation 
occurred later on with regard to sociologjy when 1 undertook to teach it 
Generally, I learned to doubt sentiment, and if something suited my 
sentiments it became, therefore, only suspect, and I would search for 
arguments against it with great diligence, as though it were contrary to 
my sentiments” (1907) The change Pareto describes above is remarkably 
illustrated in his Cours of 1896-97 and the Manuale of 1906 In the Cours, 
the theory hardly went beyond Walras’s Elements, and Pareto lost no 
opportunity to expound the doctrines of economic liberalism In the 
Manuale, Pareto breaks away from Walras in several important areas of 
theory, and the economic and social reality is portrayed as it is (at least in 
Pareto’s eyes) rather than as it should be according to his sentiments 
Indeed, Pareto uses the occasion to ridicule his own personal sentiments, 
which were still intact at that time, because they could not stand the 
“test of experience 

In economic theory, his tendency to carry the theory of general 
economic equilibrium to higher levels of generality reflected his desire to 
purge economic theory of the ethical connotations of utilitarianism, and 
also of such concepts as value, capital, prices, etc * In their place he 
substituted “undefined things,” subject to physical transformations and 
transformations in space and time ’ All this to pursue what today is 
referred to as “neutral observation language” in philosophy 

Pareto’s “neutral” (scientific) attitude became an obsession, he 
attacked his former heroes for their failure to maintain an ethically 
neutral stance Adam Smith and Jean BapUstc Say were excused for 
their tendency to substitute ethical principles of rationalism for the study 
of facts, since at that time it had seemed that civilization was undergoing 
a new birth, and their chief function as economists had been to dissipate 
Ignorance by teaching and preaching the truth (Pareto 1916, 3, sec 2016 
1409-10) He was less charitable toward Bastiat, whom he had admired 
since his youth For the older Pareto (1916, 4, sec 2146, n 7, p 1481), 

’ See the important “Proemio” in Pareto (1906, pp v-xii) 

* For Pareto’s own words on the matter of utility and pncct. »ce Pareto (I960, 2 
287-93) On capital, see Pareto 11906, pp 283-87) 

’ Apparently Pareto attributed some significance to his conception of the economic 
process as physical traniformauon and transformations in space and time (sec Pareto 
1906, chap 3, 1960, 2 287). For a systematic study of Pareto’s conception of transforma¬ 
tions, see Tarascio (1973) 
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(Pareto 1910, pp 138-39) And SO It went. 

Pareto’s newfound skepticism did not come as a revelation Instead, 
It grew with his experiences, and one experience which had a profound 
effect on Pareto’s laith m political liberalism was the Dreyfus affair in 
France Let us use Pareto’s own words 


At the beginning of the Dreyfus affair in France, I was still a 
“democrat,” and I was still a person who believed it to be 
possible to govern according to certain principles The con¬ 
viction of Dreyfus seemed to me the highest point of absurdity 
and inequity in the circumstances in which it had taken 
place 


The arguments of the anti-Dreyfusards were so silly that they 
confirmed my concepts even more so Now that I am entirely 
changed, I have reread the writings of Brunetiire, and I find 
them as false and sophistic as the first time 


After the victory of the Dreyfusards, I remained amazed at 
seeing them use against their adversaries the same wicked 
cunning they had previously lamented. While some simple 
minds, such as I, were lost adhering to principles, the majority 
paid attention instead to their interests [1907] 

Pareto was outraged to see anti-Drcyfusards subjected to injustices 
similar to those they themselves had previously inflicted upon the 
Dreyfusards His outrage was not merely cheap, pious moralizing the 
injustices grated on his sense of fair play This sense of fair play had been 
demonstrated in Italy, when he opiened his house to Italian socialists 
persecuted by a reactionary government, although he despised their 
doctnnes (Lona 1923, p 431) In the case of the Dreyfusards, it was 
simply a matter of those not in power pleading on the basis of principles, 
only to abandon their cherished principles when in power Pareto’s 
dreams of “perfectibility” and “progress” had been all but dissipated 
With respiect to the latter, he observed that “the liberals of one period 
work to achieve precisely that which they want to avoid” (1907). 

More generally, Pareto was reflecting the changes in the social and 
pohtical environment, events which had not been anticipated m the 
hberal dream Finer provides a graphic descnption of the pohtical 
climate m Europe toward the end of the nineteenth century 


But by the end of the century, theories of progress, perfectibility, 
and {Tositivism were all open to attack The liberal-democratic 
compromise was disintegrating into two components which 
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were now increasingly r^ardcd as incompatible.... In the 
name of liberalism, the wealthy and the cultivated had de¬ 
nounced state intervention ..; but the socialists, in the name 
of democracy, demanded precisely these measures The vector 
of the two contending forces, the path actually followed by the 
professedly liberal democratic states, was collectivism.. 

The political institutions of the liberal-democratic state were 
also disintegrating . The French regime was insecure.. . 

As for the Italian regime, it was a sordid caricature of all the 
worst vices of the French. [1966, pp 4-5] 

All this was nothing more than an example of the theory in practice One 
might be disillusioned with the particular application yet continue to 
subscribe to the theory But the theories of evolution and progress them¬ 
selves came under attack “But by 1900 the very assumptions on which 
the philosophies of reason and progress had been erected were under 
attack The house of Progress had many mansions—in the natural 
sciences no less than in philosophy From the 1890’s onward, voices began 
to grate out certain things which, if true, demonstrated that the seenungly 
solid and unshakeable foundations of the mid-century world outlook were 
so many deceptive quicksands, and the whole gigantic fabric a vast and 
ponderous mistake’’ (ibid , p 5) Disappointment is a great stimulus for 
change, and this was certainly the case for Pareto It was in such an 
environment that Pareto felt compelled to reexamine the principles upon 
which his own, as well as the prevailing opinion, had been constructed 
To do so, he separated himself mentally into two parts Pareto, a 
normative flesh and blood man, a man of deep passions, seeing to his 
dismay the liberal dream turned nightmare, and Pareto the scicnust, 
determined to examine social phenomena with an almost ruthless detach¬ 
ment In practice, Pareto vacillated between these piositions, confirming 
the worst of both to those who disagreed with him and the best of both 
to those who had sentiments similar to his ^ 


The Celigny Period 

The final period of Pareto’s life begins with his retirement from Lausanne 
in 1906 With the publication of the Marmale in 1906, he was able to 
devote his full attention to sociology Here the problem of ethical neutrality 
was even greater than in economics He lamented- “‘Humanitarian’ 
sociologies we have had to satiety—they are about the only ones that are 
being published nowadays Of metaphysical sociologies (with which are 

* This vacillaUon between Pareto the political polemiast and Pareto the tuetnist 
occun in the Trallata, and It detracts from that work’s icientiufic ments. 
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to be classed all positive and humanitarian sociologies) we suffer no 
dearth Christian, Catholic, and similar sociologies we have to some 
extent” (1916, 1, sec 50 26) 

Beaten from the houses of economic and political liberals, but not from 
liberalism, by “reason” and “experience,” Pareto embraced those very 
same objects which had inflicted the pains of doubt and skepticism upon 
him He set out to “expound a sociology in the fashion of chemistry, 
physics, and other such sciences” (ibid ) His former idols, Comte and 
Spencer, became examples of practitioners of pseudoscience (Pareto 
1902-3, 2 197, 1916, 2, sec 1537 985-86) On the other hand, Marx’s 
concept of “class stiuggle” was essential for arriving at knowledge of con¬ 
crete lealitv, in Pareto’s eves (1916, 2, sec 2020 1412) His appreciation 
of .Vlarx’s concept of “class struggle” was a far cry from Economic Harmonies 

As if It were not enough for Pareto to cut himself off from his former 
comrades emotionalK, it not theoretically (he borrowed a great deal 
from them), Pareto isolated himselfalmost completely from contemporary 
society by attacking both socialist and bourgeois sentiments His earlier 
tvvo-s'olunie work, Syslemes socuilistes (1902-3), was such a ciitical and 
devastating examination of the history of socialist thought that Hughs 
(1958, p 78) tells us Lenin feared it more than anv other critique In the 
Trattato. Pareto spared no oppiortunits to attack that caricature of the lib¬ 
eral dream, contemporary European bourgeois society, and to blaspheme 
the ideological idols of the liberal religion-- reason, humanitarian- 
ism, democracy, pacihcisrn, etc Ironically, Pareto’s attacks and blas¬ 
phemies occurred at just about tiie time Europe was plunging headlong 
into World Wai f in the name of justice and freedom On the one hand, 
Pareto’s detachme nt was almost ruthless—his comparison between anc lent 
mythologv, which we all perceive clearly, and modern mythology to 
which we arc blind, i.s very disturbing On the other hand, his obvious 
ridicule of mankind’s stupidity is infuriating, to those not familiar with 
Pareto's own personal experiences such expressions seem bizarre 

All the above seems inconsistent with Pareto’s constant reminders that 
his economics and sociology were constituted on principles of “logico- 
experimental” science (icininisceni of Marx, who too thought that only 
he W'as doing social science) Raymond Aron (1937, p 518) dismissed 
Pareto’s sociology as an immense “deviation” (ideology) What is impor¬ 
tant for rny purposes is that Pareto’s new Vision of society, the expression 
of which was difficult lor him (as it was later for Keynes m economics), 
was reflected in his work 


Pareto’s Paradigm of Society 

As early as 1907 Pareto the scientist had extricated himself from his 
earlier beliefs His new vision of society involved three fundamental 
principles, which were opposed to those of rationalism and liberalism 
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One “norm” which he believed very useful for understanding history and 
sociology IS that, “in general, humans act nonlogically, and they believe 
and in turn want others to believe that such actions arc logical” (Pareto 
1907) This principle later became the basis for his theory of residues and 
derivations in his sociology 

A second principle involved a distinction between scientific validity 
and social utility To use Pareto’s words “It is important to understand 
that absurd doctrines can be socially useful, that the various social classes 
are rather able to have different doctrines, and therefore, what amounts 
to the same thing, understand the same doctrine differently” (ibid ) This 
distinction between scientific validity and social utility of doctrines 
represented an important departure from Pareto’s former rationalistic 
stance He says, “At another time, this proposition would have caused 
the many hairs I had on my head to bristle, and now it leaves the few 
I have left quiet” (ibid ) 

As if the principles of nonlogical behavior and the distinction between 
scientific validity and social utility were not enough of a departure from 
rational-liberal doctrines, one more principle was added for good measure 
The last principle called attention to the distinction between the individual 
and the social, and its implications for policy To use Pareto’s words. 

Today we know little or nothing regarding the effects of change 
on the social state He who advocates such changes does so 
blindly He knows where society is obliged to go, but he does 
not know if it will truly go there Therefore perhaps the single 
norm, in the absence of one better, is that everyone minds his 
own interests and is content to seek out immediate effects which 
earc easily foreseeable I say in the absence of better, because 
not even in this manner is the danger avoided of ending up in 
the long run where he may not have wanted to go [Ibid ] 
Pareto, then, stresses the uncertain nature of the social process from the 
point of view of individuals Belief creates certainty, but that was not the 
kind of world the utilitarians had had in mind It is precisely the existence 
of this uncertainty which makes individuals so susceptible to ideology 
What does the slogan “will of the people” mean in such an environment^ 
Certainly not what the liberal-democratic reformers had envisaged ’ 

Pareto’s sociolog^y, which was begun in 1907, was built upon these 
“norms” or principles, and the particular theories of residues, derivations, 
heterogeneity, and class circulation derive from them According to Finer, 
“It IS best to regard Pareto's Treatise not as the last of the ‘great systems,’ 
but as an anti-system a system to kill all systems ” He continues, “What¬ 
ever else It did, it killed stone-dead the positivistic-rationalistic types of 

’ One of the slogans of liberalism was “Educate the masses and cvrrylhmg else will 
take care of itself,” according to Joseph Schumpeter (1954, p 133) Although “education” 
may reduce some forms of ignorance, it docs not eliminate uncertainty Indeed, it may 
increase uncertainty 
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thconc, which preceded it and foreclosed all further attempts on those 
lines” (1966, p 82) Finer is correct when he says that no one attempted 
“great systems” building after Pareto But to attribute to Pareto the role 
of “great systems” killer is much too strong Nevertheless, Pareto’s soci¬ 
ology did raise some important issues with respect to the social sciences 
To begin with, if human behavior is nonlogical, is not scientific 
behavior, being a part of human behavior, also nonlogicaP* Although 
nonlogical behavior encompassed the greater part of human behavior, 
Pareto believed there were important exceptions, such as some forms 
of scientific, economic, political, and military activity (Pareto 1916, 4, 
sec 2079 1442-44, sec 2255, 1578-82, secs 2400-2411 1728-39, 
sec 3530, n 1, p 1828) Therefore, Pareto’s type of antirationalism did 
not deprive him of a science of society Indeed, the assumption ofrauonal 
behavior is unnecessary to science and also supierfluous for Pareto His 
principle of nonlogical behavior does not imply irrational behavior In 
other words, both logical and nonlogical behavior involve consistency of 
behavior As long as behavior is consistent, generalizations in the form 
of “laws,’’ such as those of science, are possible Pareto’s principle of 
nonlogical behavior was perfectly compatible with the methods of positive 
empirical science from current pcrsjjcctives it is difficult to understand 
all the fuss about his principle of nonlogical behavior from a scientific 
viewpoint C’ertainly the reactions to his sociology by some scientists in 
the 1930s were extrascientific, to say the least ^ 

The second of Pareto’s principles, the distinction between validity and 
social utility of doctrines, would be loo much for even Marx to swallow 
For Marx, like most academic rationalists, believed in the social utility 
of social science One implication of this principle is that in practical 
life, truth (validity) is less important, especially in social matters, than 
scientists and scholars like to believe All this grates on the minds of those 
who have dedicated their lives to the search for truth, only to be told that 
their efforts do not realiv matter much 

Keynes, too, seemed to understand the point Pareto was making Recall 
Keynes’s assertion that “practical men, who believe themselves to be quite 
exempt from any intellectual influences, are usually the slaves of some 
defunct economist [and] the ideas of economists and political philos- 


’ Marx was confromrd with this problem when he argued that the “ordinary mind” 
hves in a world of “illtuionism ” Nevertheless, Marx distinguished between actors and 
“true” scientists who are given to the quest for scientiflc knowledge The classical 
economists did not fall into the latter category (sec Karl Marx 1906, 1 591-92, 1909, 
3 198, 199, 369, 1016-17, I022-23| 

* For example, William McDougall (1935, pp 36-61) dismissed the Traltato as a 
“crazy book”, Max Millikan (1935, pp 324-37) concluded it should be kept from tender 
young minds 

For a detailed study of the methodologies of Marx and Pareto, see Tarascio (1972) 
** Indeed, one has the impression that for Pareto the matmal progress of mankind has 
been due largely to the development of the physical sciences and technology, rather than 
to the elTorts of scholars and reformers 
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ophers, both when they are right and when they are wrong, are more 
powerful than is commonly understood" (1936, p. 838). The reason for 
the popularity of this oft-quoted assertion among economists is obvious; 
nevertheless, its more subtle implications have been ignored Keynes was 
suggesung that ideas are valued for their ideological import irrespective 
of their scientific validity, which leads one to wonder whether or not 
economists matter as setttUtsU 

Finally, Pareto’s third principle, uncertainty of outcome of social 
change or policies, creates a formidable obstacle between what w and 
what wtU be Granted that science can determine what is (or more 
accurately what has been), it need not follow that it can predict what 
will be ‘ ^ Marx, the “great systems” builder, was never troubled by this 
difficulty, since Marx the scientist and Marx the prophet were one 

Pareto argued that the interdepiendcnce of social phenomena is such 
that the progress of any one discipline depends upon the progress of others 
According to Pareto, many of what appear to be exclusively economic 
phenomena depend on phenomena which are outside the scope of 
economics (1916, 4, sec 2219 1551) Income distribution, economic 
growth and development, economic fluctuations, etc , fall into this 
category Therefore what appear to be random from a purely economic 
perspective, may not be in the context of a broader scope of analysis For 
Pareto, sociology was the synthesis of economic, political, psychological, 
and other factors which together determined the soaai equilibnum 

Pareto went one way, toward synthesis, to deal with the problem of 
interdependence, the social sciences have gone another way, toward 
greater specialization within and among disciplines Such specialization 
has allowed for a greater depl/i of understanding, but this greater depth 
of understanding has occurred at a cost to breadth of understanding 

Pareto, then, was the last of the “great systems” builders, if one means 
by the term a synthesis of various aspects of social behavior—economic, 
political, religious, and so on He was the first of the “great systems” 
bllcrs, if by “great systems” one means a grand synthesis of positive 
science and ethics Pareto preserved a place for science m his new vision 
of society, but the partnership between positive empincal science and 
liberalism (and other isms) was dissolved Although he acquiesced in this 
duality (Pareto the scientist and Pareto the liberal), the fun of buildmg 
a better world on scientific foundations was gone—instead, better-world 
building involved a struggle of beliefs. 


A View of the Present 

Today as m Pareto’s time, social scientists often see the present only 
through the present sociocultural influence colors our interpretations of 

' ’ Certainly the performance of lo-called forecasting models in economics seems to 
bear this out 



120 


JOURNAL OF POLITICAL ECONOMY 


the present, consciously or unconsciously, and has a bearing on the state 
of social knowledge Therefore, it might be worthwhile to view the present 
state of economics and the social sciences through the past 

Now as in Pareto’s time theories of progress, perfectibility, and 
rationalism prevail in the intellectual community Since the 1930s the 
climate of opinion has changed from one of liberalism to one of inter¬ 
ventionism in the United States So now progress, perfectibility, rational¬ 
ism, and interventionism characterize the prevailing climate of opinion * ^ 
This drift toward interventionism is reminiscent of that which occurred 
on the Continent around the turn of the century Whether or not the 
new post-1930s intellectual synthesis in the United States will be more 
successful in experiencing the practical realization of its dreams than the 
liberal synthesis of the nineteenth century remains to be seen 

The economics profession has experienced an enormous increase m 
prestige during the postwar period This may be partly due to the great 
prosperity of the period, in which case we have been bestowed with the 
dubious honoi of receiving credit which we have not deserved ** It is 
partly due to the fact that interest in “economic policy,” which has 
become almost an obsession among most economists, reinforces the 
interventionist climate of opinion In either case, economics (and the 
social sciences m general) has become the handmaiden of tlie prevailing 
climate of opinion, as was the case with orthodox (liberal) economics m 
Pareto’s time 

The prevailing obsession with pohe-j or “policy implications” of 
research may impede the progress of economics as a siiente **’ In this 
regard, it might be wortiiwhiie to keep in mind that most so-called 
economic or social problems are subjective in natuic, as Pareto stressed in 
his sociology‘s lor example, pollution of the environment has existed 
for years, but it became a “problem” only when il was perceived as 

I am hcMtanl (<> afi<l pfnUivistn to (hiv list, although perhaps I should since, as 
Pareto show<*d p<ji»mws(U h.is received more attention in theory than in practice 

** Signs ol disiliusion with that m<KJem manif^tation of progress- economic growth 
and development - are afiijeanng Vet “sentiment” of interventionism is becoming 
stronger 

Postwar prosperiiv is probably due levs to “jKiJiry” than to demographic, “institu- 
tionaP* (stabihzmg inducmt of deftnst sf>ending, etc ), and other such factors Indeed 
some writers, such as Fnedrnan, argue that “policy** has been on balance disabling In 
Friedman's case, this vuw is consisunt with hi$ political philosophy 

**It appears that economists are in danger of providing a “scientific” veneer for 
preconceived notions bated on beliefs Ortainlv the existence of so-callcd conservative, 
liberal, Democratic, Republican, Marxist, and radical economists is incompatible with a 
science which views truth as validity 

* ^ Recall that Keynes described changes in economic activity as deriving from changes 
in subjective factors such as marginal efficiency of capital, liquidity preference, propensity 
to consume and save, and so on Nevertheless, these were treated as given by Keynes, 
so that the subjective basis for Huctuations is never explained Pareto too was interested 
in economic change as well as social change, but, unlike Keynes, he proceeded to 
investigate the subjective (actors in hu sociology 



PARETO 


121 


such—and so it was with poverty, discrimination, and so on Unfor¬ 
tunately, such “problems” are often “solved” in the same way they are 
discovered, subjectively, which is to say they are often forgotten (after 
appropriate legislation, of course). Who, for example, worries about the 
War on Poverty todays 

The durability of many conditions observable over long periods of time 
(such as inequality of income distribution) and the failures of past attempts 
to alter such conditions should indicate that they derive from factors which 
go much deeper and which are more fundamental than is commonly 
understood Investigation of these conditions and their causes is extremely 
time consuming and difficult, requiring years of uninterrupted and 
systematic research In the public’s mind, the realization of the com¬ 
plexity of such “problems” with attempts to “solve” them is no detriment 
to action Indeed, the clamoring for action which accompanies the 
discovery of a “problem” demands action, any action Whether or not 
such action is a solution is another question The logic is pierfcct sub¬ 
jective problems are solved subjectively Of course, I do not wish to 
convey the impression that social “problems” should be dismissed because 
they are subjective in nature Instead, I wish to stress that too much 
preoccupation with the present tends to distract us from the pursuit of 
knowledge for its own sake and hence deprives science in the long run of 
Its potential Indeed, most so-called economic problems are perennial 
in nature, as historians of economic thought know One wonders to what 
extent the problem and policy orientation of the economics profession 
has dissipated a great deal of precious talent and energy, in order to keep 
up with ever-changing public sentiments ‘ ’ 

Finally, because of the untertainty of outcome, beliefs remain the basis 
for most policy—ideology and interests, not science, the dominant forces 
in social behavior This, then, is a view of the preseni through the past, a 
past which has not changed m many ways in spite of Pareto’s efforts—a 
circumstance which makes his vision of society even more convincing. 
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Economics in Dialectical Dialect 


Martin Bronfenbrenner 

Dukt Umotrstfy 


I 

Of the full-dress introductions to economics or political economy that 

I have yet seen, this one is by all odds the most peculiar and idiosyncratic 
For such sheer idiosyncracy (in its own day) one should return to von 
Thunen’s Tht Isolated State (1826) or Cournot's Mathematwal Principles of 
the Theory of Wealth (1838) (I doubt that Mr Marcus’s product will have 
the staying power of the two works cited for comparison ) 

In each of the three examples listed immediately above, an author is 
addressing at an allegedly “principles” level a select audience not nor¬ 
mally or professionally interested in economic issues Von Thunen was 
writing for estate managers, agricultural accountants, and agpncultural 
statisticians of reflective and analytical bent. Cournot was writing for 
professionals in the mathematical sciences, including physics, astronomy, 
and engineenng along with mathematics proper Marcus is writing for 
dialectical philosophers and social scientists of Marxian persuasion, whose 
knowledge of Marxian economics has lagged behind their knowledge of 
general Marxism, and is, moreover, integrated only incompletely with 
the remainder of Marxian thought 

II 

As Marcus’s frontispiece we have a “genealogical” diagram of “Pnncipal 
Currents of Modern Epistemology ” Then comes a dedication “To my 
opponents, who made this book necessary.” Next we have a 10-page 
“Author’s Foreword,” includmg a bristling reading list for prospective 
instructors and also exegeses on topics ranging from Marx’s knowledge 

Lyn Marcus, Dudechect Eammiei An Introduchm le Marxist Paliheat Eeonemji (bexuifton, 
Mass D C Heath Co , 1975) Pp xx + 490 

[Jptmtai of Eemwm^, 1976, vol 84. no 1} 

O 1976 by The Unlvenity of Gbtc«go All f tghtt raervod 
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of mathematics to the problems of translation between and among 
English, German, French, Spanish, and Greek The 32>page chapter 1, 
which now apjiears, is entitled “The Crisis in Marxian Scholarship”, 
it concerns economics only in passing This “guide” indicates the opacity 
of the author’s organization It may also discourage the casual reader 
and convince whoever dares venture further that he will be dealing with 
something very different from the predigested compendium suggested by 
the word “introduction” in the title 

Why so forbidding an introduction? One reason may be Marx’s own 
exemplar, the horrendous 55-page “Commodities” chapter which opens 
Capital, volume 1 Like Marx, Marcus is addressing primarily readers 
adept at German dialectical philosophy as developed from Kant to Marx 
via Hegel and Feuerbach His principal task is to apply this dialectic to 
economics, somewhat as Professor R G D Allen, for example, proposes 
to apply to economics the corpus of university mathematics (differential 
and integral calculus, determinants and matrices, differential and 
difference equations, calculus of variations, set theory, etc ). An important 
difference, however, is that Marcus is addressing an audience whose 
dialectics already transcends its economics, while Allen’s audience com¬ 
prises mainly economists whose mathematical reach exceeds their grasp 
In addition, Marcus’s book has an important secondary task, which 
Allen’s books do not, the two tasks continually conflict and block each 
other with the reader as victim Marcus’s secondary task is to convince 
fellow-Marxists that he (Marcus) understands Marxian dialectical 
materialism correctly, including its economic applications, whereas 
numerous other self-styled Marxian economists at various times and 
places commit egregious errors of understanding and interpretation. The 
objects of Marcus’s contempt include the influential Monthly Review group 
in the United States (Baran, Magdoff, Sweezy), Ernest Mandcl (author 
of the two-volume Marxist Economic Theory [1962, English translation, 
1968], and anyone he can call a “revisionist ” They also include Lenin, 
Trotsky, Stalin, Mao, Castro, “Soviet economists,” and the New Left 
Even Marx’s collaborator Engels, Marcus maintains, fell into occasional 
error after Marx’s death Marx himself is sacrosanct in both “young” 
and “mature” incarnations Aside from the Master, Marcus’s principal 
hero IS a heroine—Rosa Luxemburg, Stalin’s major “left-wing devi- 
ationist” victim among professional economists, E A Preobrazhensky, 
also receives a share of his admiration I am ignorant of Marcus’s own 
sectarian affihation, if any, within the Marxist movement, but he (Marcus) 
leaves a distinct impression, redolent of the 1930s, of the one-man-party 
member with whom the world is out of step 

The discourse is conducted in occasionally disorganized fashion Its 
tone IS standard Old Left, deliberately contentious and combative It 
revives the sort of controversy one associates with Marx himself in his 
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“rule or ruin” approach to the First International; such controversy 
dates back much further, at least to theological diatribes in which one’s 
opponents are “imps of Satan” and their establishments “the Great 
Whore of Babylon” if not “Sodom and Gomorrah.” As in much such 
writing, Marcus is if anything harsher in his judgment of individual rival 
Marxists than of individual bourgeois heathen 

As regards content, Marcus’s book is perhaps 50 percent dialectical 
philosophy, with a strong epistemological stress The remaining 50 
percent appears divided fairly equally between history (including eco¬ 
nomic history), anthropology-cum-sociology, and economics (including 
a surprisingly large loading of business administration) Within economics, 
we find neither systematic presentation of non-Marxist positions, sig¬ 
nificant confrontation of Marx with his “bourgeois” critics from Bdhm- 
Bawerk to Samuelson, nor development of Marxian theory along lines 
which blunt these criticisms (such as the “transformation problem” of 
the relations between values and prices) For a 500-page introduction to 
economics, in sum, the economics is disappointingly thin 

in 

Marcus is, then, talking to the Marxian faithful He is obviously interested 
in “fishing for men,” but his fish are the ostensible Marxists whom he 
finds heretic or renegade There is almost nothing in his economic dis¬ 
cussions to entice a bourgeois economist into the fold. 

There is, however, considerable philosophical (epistemological, meth¬ 
odological) argument which may accomplish some such purpose Marcus 
sees conventional economics as a withered arm of philosophy, somewhat 
as Spaniards and Germans reportedly sec Portuguese and Yiddish, 
respectively, as withered arms of their own languages Philosophy in 
Great Britain took a wrong track in the seventeenth to eighteenth 
centuries—“reductionism,” as Marcus calls it—under the dommance of 
empiricists like Locke and particularly Hume. Philosophy was rescued 
from the Humian dragon by a succession of St Georges from Germany, 
clad in new dialectical armor—Kant, Hegel, Feuerbach, Marx—but not 
before Adam Smith, a friend and associate of Hume, already founded 
bourgeois economics on erroneous predialectical philosophical founda¬ 
tions 

Being myself incompetent in philosophy, decidedly including its 
Germcin-dialectical variants, I shall let Marcus explain for himself why 
he considers Humian “reductionism” so sinful 

[T]hc fundamental fallacy of ordinary understanding is the 
delusion that the universe is reducible to simple substance, or— 
the more Hume-like view—that the content of human knowledge 
IS limited to simple-substancc-likc, self-evident sense perceptions 
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This discredited outlook—^whether it takes the naive mechanistic 
[form] or the equivalent mechamstic outlook of empiricism—is 
termed reducUonism All varieties of reductionism are formally 
premised on the fallacious assumption of formal logic, that the 
universe can be represented as discrete points interconnected 
by formal relations The intrinsic fallacy is identified by com¬ 
paring such constructs to attcmpt[s] to complete a line by 
asymptotically filling in points In short, reductionism demands 
the fallacy of formal induction [P 15]' 

It appears to follow, although I do not believe Marcus makes the point 
explicitly, that bourgeois theorists' concern with prices represents reduc¬ 
tionism compared with Marxian concern with values Reductionist fallacy 
IS then allegedly involved in adjusting or modifying a value theory like 
the labor theory of value to fit more neatly into price theory Economists 
should have operated m precisely the opposite direction 

Since economics deals with epiphenomena like prices rather than with 
basic matters like values, its search for refuge in formal mathematics 
compounds the methodological fallacy Marcus, himself, reaches this 
result by a different route 

Like physical science, economics deals with the relationship 
between cause and effect However, economics, like all social 
sciences, also deals with an equally determining subjective 
process how man’s interpretation of nature results in human 
action The imjxirtant schools of piolitical economy differ mainly 
in their expressed or implied explanation of the relationships 
between the two notions of value thus associated with each 
commodity 

Most political economists imphcitly accept the fallacious postu¬ 
late that the price and utility of commodities are in formal 
correspondence Marx’s economics alone specifics that the two 
“criteria” are so quahtativcly distinct that no mathematical 
solution of their interconnection is jxissible If one accepts 
Marx’s analysis, political economy differs from physual science in that 
Its problems do not admit of ^stemalic formal-mathematical interpre¬ 
tation [P 33, Italics mine] 

Another passage illustrates the application of such methodological 
critiques to economics in practice The subject under discussion is the 

‘ Italics Marcus’s For example, this goes well beyond F H. Knight’s concept of 
“reductionism” which involved only the treatment of more complex matters (e g , 
human beings] exchtneely in terms of relauons on a lower level of complexity (e.g, atoms 
or molecules) 
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first Nixon’s administration’s oscillation between monetarist and Keynes¬ 
ian policies in 1969-71; 

What caused both Fnedman and Keynesian schemes to fail, 
with equally drasdc consequences, was that built-in stabilizers 
cannot work any longer When the ratio of growth of fictitious 
accumulation (potential illiquidity) to expansion of production 
IS at a critical stage, any monetary policy—constipative depres¬ 
sion, manic diarrhea, or the “safe, sane” in-between approaches 
—must lead to disaster Different monetary policies arc merely 
different ways of spiceding toward the same inevitable result 

What also fails in such periods is the method employed by 
empiricist economists. The economic constructs they have 
adduced from periods of capitalist stability represent correlations 
which persist so long as the fundamental epistemological flaw in 
the empiricist method is not reflected empirically At the 
extremes of the boom-bust cycle, it must seem to the cmpiricut 
that he has encountered a domain of discontinuity, at which 
point all the laws of the universe have been suspended What is 
actually demonstrated during such critical phases is the problem 
of Praxis [P 260]* 


IV 

Marcus has apparently had the advantage of more private-business 
expienencc than the great majority of academic economists One can 
guess that, blackballed by his radicalism from academia and civil service, 
he has turned to business in something like desperation—and been rather 
good at It Certainly the range of his experience, as reported here, is 
broader than the ordinary economist’s—including specifically mine. It u 
accordingly interesting to notice triple interactions between Marcus’s 
business experience, his philosophical background, and his policy 
conclusions 

Much of Marcus’s business experience, as he reports it, has been at 
the exploitative frontier of “white-collar crime," bordering on fraud both 
in the inducement and in the factum —a circumstance that I should 
imagine pushes one to one or the other end of the ideological spectrum 

^ Marcus had previously (p 258) referred to “the so-called Chicago School of Milton 
Fnedman and his co-workers” as “the most wretchedly naive school of thought tn 
theoretical economics ” Fnedman and his supporten "guided by obsessive belief in the 
wisdom and efficiency of the invisible hand, rationalized their religious belief in such a 
deity by extracting from statistical studies a certain rate of growth of the money supply 
over the long pull of capitahst devcl ipment ’’ They then, "adduced, post hoc ergo propter 
hoe, that governmental ‘interference’ ought to be limited to maintaming the indicated 
optimal rate of growth of the money supply. ’ An original reinterpretation of the Monetary 
Huto^ of the United Stales 1 
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Marcus’s cxpcnence extends to the speculative overcapitalization of 
capital values, creating “fictitious capitals” which cannot later justify 
themselves by earning capacity in the normal course of events Observation 
of the overcapitalization process confirms Marcus in an overcapitalization 
theory of depression, of the sort associated in America with Thorstein 
Veblcn—but Marx came first Furthermore, Marcus follows him (Marx, 
not Vcblen) to the point of arguing that recovery “depends ujjon massive 
credit from a foreign economy that is not a depressed economy either 
massive credit from a foreign economy that is not depressed or massive 
looting of wealth in the form of primitive accumulation from outside the 
productive resources of the depressed capitalist sector itself” (p 400) ^ 
Marcus has also been involved with industrial engineering and manage¬ 
ment science, including “rule-of-thumb” decision rules which appear to 
have soured him against bourgeois econometrics generally and reinforced 
his methodological biases On the technical side again, Marcus claims to 
argue from the inside as well as the outside that “the U S economy, 
viewed with some knowledge of the ABC’s of technology, is one horrendous 
mess of waste, redundancy, obsolescence, and managerial incompetence” 
(p 221) Likewise, he believes that the living standard of the repre¬ 
sentative fully employed U S worker has fallen since the end of World 
W'ar II “ 

What seems most comment worthy about all this is not its paucity of 
supporting evidence and its immunity from disconfirmation—Marcus sets 
no store bv logical piositivist criteria of meaning, and we would be “talking 
past each other” to argue along the lines of a methodology he does not 
accept More comment worthy, rather, is the fewness of Marxists and 
other radicals bred by and in our jungle of small and middlc-sircd 
American business at the border of legitimacy—not to mention the crude 
materialism of the representative American college of business admin¬ 
istration My tentative suspicion is that the George F Babbitt businessman 
IS rescued from dangerous thoughts by some combination of having no 
thoughts at all—banished by deadly routine plus sheer stupidity—by a 
certain low-grade chronic sadism toward the consuming public and the 
public welfare, and by exaggerated notions of the horrors involved in 
socialist austerity 

’ Marcus continues, along Rosa Luxemburg’s line “The foreign capitalist ma> wish 
to buy up idle man-power and other capacities at the prevailing bargain rales—as the 
U b bought Europe and other sectors at bargain prices at the end of the Second World 
War Or, mobilization for looting oihrr countnrsor massive, previously untapped natural 
resources would provide the general alternative to foreign aid ’’ 

* This statement is qualiHed in evasive ways, making it difficult to disconhrm I quote 
from p 389 “In sum, if the market basket is defined on the basis of the quality of material 
culture needed to produce family members qualified for the mode of employment 
represented by the most modern general technology, the value-content of the standard 
of living of most trade-union members in the United States significantly declined Irom 
1948 on—a secular dechne m the level of real income as determined by any scientific 
measure of the mcessary content of the market basket ” 
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Marcus recaptures neither the confidence of the Communist Manifesto 
m a socialist future the day after tomorrow nor the confidence of the 
pre-1914 Social Democrat that socialism in itself would be a step forward 
whenever and wherever it came His vision of the immediate future in 
America is of fascism not significantly more appetizing than the Nazi 
variety His vision of socialism however, includes along with social 
ownership of the means of production a regpme where most consumer 
essentials are free public goods, and where their production is planned 
rationally with an input-output model of the microeconomy grafted to 
an essentially Marxian macrocconomy of “extended reproduction ” All 
this, however, is sketched only vaguely, as with Marx, the main thrust 
of Marcus’s book is the criticism of capitalism 

But what of freedom m Marcus’s thinking and in his brand of socialism^ 
He appears to be what my late Wisconsin colleague Selig Perlman called 
an “efficiency intellectual ’’ This is to say, Marcus believes all rational 
men of goodwill accept his own technocratic design for the planned 
economy with niinimal need for repression All this is relatively standard, 
and Marcus also accepts a standard radical view that freedom today (in 
economic matters) is less than we believe it is because we have been 
narcotized by advertising, by salesmanship, and by the planned un¬ 
availability of goods we really want at prices we really can afford In 
addition, like many other dialectic philosophers, Marcus sets off freedom 
against necessity in a fashion well adapted to rationalize almost any 
measure of dictatorship Admitting that freedom requires the recognition 
of necessity, who is to draw the institutional frontier between the two 
domains^’ Judging perhaps unfairly from his controversial manner, 
Marcus impresses at least one reader as a Me-for-Dictator type to whom 
It would be dangerous to entrust the task of drawing any boundary 
between the domain of Ireedom and that of necessity or order 


VI 

I have an impossible dream about an ideal “introduction to economics ” 
It should present both orthodoxy and a goodly sample of the various 
doctrines comprising “the other economics ” The author should present 
rival positions so favorably—poisoning no wells—that the reader should 
judge him a Marshallian from his discussion of Marshallian economics, a 
Marxist from his discussion of Marxism, a Keynesian from his discussion 
of Keynes, and so on 


’ I pcnonally accept thu particular dialectic proposiUon only in a temporal and 
piychological seme One cannot emotionally savor freedom without previous knowledge 
and experience of oppression—or oppression without previuus knowledge and experience 
of freedom 
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After faulting standard Englishdanguagc principles books for ignoring 
and neglecting “the other economics” I have sought for utopia among the 
dissenters, only to find wells poisoned left and (more particularly) right 
The volume under review is unfortunately a case in point Perhaps I have 
been dreaming my dream in the wrong place Might not some magnan¬ 
imous and tolerant conventional economist cognizant of “the other 
economics” be easier to find than a dissenter tolerant and magnanimous 
enough to understand and spend time on “the standard stuff” as well as 
his own recipes for salvation^ 
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Some Evidence on the Factor Content of 
West Germany's Foreign Trade 

Robert M Stern 

Untutrsity oj Muhxgan 


A multifaceted explanation of the determinants of international trade m 
manufactures seems reasonably well established, based on works by 
Hufbauer (1970), Baldwin (1971), Branson (1971, 1973), Branson and 
Junz (1971), Learner (1974), and Morrall (1972) ‘ It is nevertheless useful 
to examine additional empirical evidence relating to the composition of 
trade and, in the process, seek to clanfy some issues that have not been 
completely resolved to date Thus, in the present paper, we analyze some 
evidence on the factor services embodied in West Germany’s foreign trade 
in 1962 and 1969 and consider such issues as (1) the scaling of vanables, 
(2) the aggregation of physical and human capital, (3) whether changes 
in the relationships have occurred between the years indicated, (4) 
whether there are differences vis-h-vis the industnal countries and LDCs, 
(5) how the results may be affected by the exclusion from the analysis of 
natural-resource and certain other industries, and (6) the influence of 
nominal and effective tariffs 


Helpful comments on earlier versions of this paper were received from Alan V. 
Dcardortf and members of the Research Seminar in International Economics at the 
University of Michigan, Moheb Ghali and members of the Faculty Seminar at the 
University of Hawaii, Gerhard Fels, and an anonymous referee Jan Kmenta, E Phihp 
Howrey, and Saul H. Hymans provided advice on computaUonal procedures Gerhard 
Fels was bnd enough to supply me with the ongmal source materials used in his own 
work that permitted construcuon of the data used in the present study ComputaUoiuU 
assistance was rendered particularly by Chnstopber F Baum and by WiUa Ann Cohen 
and Jonathan Francis 

' A review of these and other studies of the determinants of trade is contained m 
Stem (19754). 
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Our basic point of departure is a three-input neo-Heckscher-Ohlin model 
in which an industry’s position as a net exporter or net impiorter is related 
to the factor services derived from its physical capital, human capital, and 
unskilled labor Since we will not observe factor services embodied in the 
trade of other countries, this model cannot be tested in a logically com¬ 
plete manner, and any findings reached will not necessarily validate or 
invalidate the model as such Yet if the results of the empirical tests as 
applied to a single country seem plausible, we may have discovered 
something worth knowing Thus, m this spirit, our model can be written 
symbolically as 

(Y - A/). =/(A-„//„ A.) 1=1 n, (1) 

where X — M is the trade balance of industry i, and K, H, and L refer to 
the industry stocks of physical capital, human capital, and unskilled labor 
The model can be expanded to take into account other phenomena 
besides the nco-Heckscher-Ohlin ones just indicated Thus, on the basis 
of what we have learned from the product-cycle-technological gap models 
and from other more realistic models, wc could have a more compre¬ 
hensive model 

(Y - A/), = g{K„ //„ I„ SK„ R & D„ M., FTD^), (2) 

in which variations in industry trade balances may reflect such tech¬ 
nological phenomena as the inputs of technically skilled workers [SK,) 
and expenditures on research and development (R & D,), tariffs (1,), 
economies of scale (ESi), and innovativeness as approximated by the first 
trade date {FID,} when a new product appeared 

We have some a priori notions on how well endowed particular 
countries are with certain productive factors and how technically pro¬ 
gressive or protective they may be But since we commonly observe only 
one country at a time, it is difficult to establish what the expected signs 
of all these variables in equation (2) may be ^ The lack of information is 
also a great handicap for a single country, so that empirical investigation 
will perforce be c irctimscnbed, as wc shall see momentarily 

II. Empirical Specification and Results 

Our choice of West Germany as the focus for study was dictated by the 
data available in research by Pels (1972, 1973) ^ His studies were designed 

* Sec Katrak (I“ITS) for an allenipt to explain the relative export performance of the 
United States and Liiitcd iCingdom for selected years in the 1960s in terms of the relative 
industry characteristics based on human skills, R & D, and scale economies 

^ In an earlier study based upon trade and input>output data for 1934, Roskamp and 
McMeekin (1968) concluded that West German exports were especially intensive in 
human capital Our results noted below are consistent with theirs, although our human- 
capiCaJ variables were measured dilTerently and our data classifications do not correspond 
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TABLE 1 

Estwatej of REORsaiON Equations Explainino 
West Gerssan Net Exports for 1962 and 1969 



Constant 

Term 

Independent Variables 




Equation 

K 

H 

L 

N 

R' 

F 

1962 

-585 73 
(150) 

- 14a*** 
(3 369) 

0 473*** 

(6 027) 

- 093 
( 055) 

25 

780 

24 749** 

1969 

-1492 30* 
(189) 

- 153** 

(2 556) 

3 032*** 
(5.214) 

3 897 
(1 330) 

25 

777 

24 398*** 


Note —Here end in subiequent teblei, the r-Btatiiticf are ihown in parcnlheseB with siKni omitted 
• Significant at 10% level 
•* Significant at 5% level 
••• Signifieant al l^d level 


to examine the structure of West German industry with the object of 
identifying those sectors that might give way competitively and the 
adjustment problems that might be encountered if production in and 
exports from LDCs were to be expanded significantly Since Fels’s major 
concern was different from ours, we shall not dwell on any detailed 
comparison of results 

Data were available for 25 industries for 1%2 and 1969 * Exports were 
measured free on board (fob) in current Deutsche Marks (DM) and 
imports were measured at cost plus insurance and freight (cif) These 
trade data were available on a regional basis as well as in total The 
estimates of physical capital refer to plant and equipment measured in 
DM prices of 1962 Human capital was approximated by capitalizing 
at a 10 percent rate the difference between each industry’s wage and 
salary bill and the amount applicable to male unskilled wage earners 
Unskilled labor was represented by total industry employment A skill 
index was constructed by taking the 1961 ratio of engineers and tech¬ 
nicians to total industry employment The only other variable for which 
information was available was industry tariffs, both nominal and 
effective, for 1970 

We first ran ordinary-least-squares (OLS) regressions for the three- 
input Heckscher-Ohlin (H-O) model, taking the absolute levels of each 
variable The results are shown in table 1 It is evident in both years that 
net exports were negatively related to physical capital, positively related 
to human capital, and that the employment variable was not statistically 
significant in either period These results arc basically similar to those 
obtained for 1964 U S trade by Branson (1973), except that he found 
the employment variable to be statistically significant and negatively 
related to net exports The difference in the signs and coefficients of the 

*' The dala sources are listed in Feb (1972) and will not be repeated here The detailed 
data used are available upon request from me 
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physical capital and human capital variables indicates that these measures 
of capital cannot be readily aggregated as several authors have done ’ 
It IS evident, finally, that there was a marked increase in the coefficient 
on human capital between 1962 and 1969 

The foregoing results should be interpreted with care since they may 
be influenced by variations in industry size That is, industries that are 
large in absolute size m terms of factor inputs may have correspondingly 
large absolute trade balances To correct for this, the industry trade 
balances were divided bv the value of gross production for each industry 
in the 2 years * We also divided the physical capital and human capital 
variables by the total number of employees The resultant capital/labor 
ratios seem more in accordance with the way in which the H-O model is 
usually formulated 

We then introduced a variable designed to measure the availability of 
technical skills m terms of the ratio of engineers and technicians to total 
employment, {E + T j/Z., in each industry This skill ratio was available 
only for 1961, but was used for both 1962 and 1969 in the absence of 
better data The reason for introducing the skill ratio separately is to test 
whether it reflects technological influences that cannot be distinguished 
from or that may exist apart from the industry stocks of human capital 

The results taking into account the foregoing changes are indicated in 
table 2 For 1962 the negative relation is evident between the industry- 
scaled trade balances and the physical capital/labor ratio The skill ratio 
apparently provides a somewhat better fit than the human capital/labor 
ratio when entered separately, but there is evidence of collincanty when 
both ratios are included However, for 1969, the HjL variable performed 
better than the skill ratio which was based on 1961 data A test was 
conducted to determine if the coefficients had changed significantly 
between 1962 and 1969 As would be surmised, the only change of 
consequence was m the coefficient for ////-, which was significant at the 
5 percent level ^ It is apparent from the values of the that we have 
accounted for only a relatively small proportion of the variation in the 
industry-scaled trade balances * The results nevertheless show that West 
Germany is implicitly exporting relatively more of the services of human 
capital and importing the services of physical capital 

* Issues in ihc aggrrgdiion of physical and human capital arc discussed in Stern 
(197'ifl) 

* Lacking data for 10G9, gross values of production for 1967 were used to scale the 
1969 industry balance 

’ This test was based on an application of a test for general linear constraints for the 
coefficient vector given in ITieil (1971. pp 143-44) and adapted for use here with the 
assistance of E Philip Howrev Details are available upon request 

* As mentioned already, it would be desirable to include other variables, but data 
limitations preclude our doing so Our results may thus be subject to specification error 
unless the omitted explanatory variables are uncoirelated with the included explanatory 
variables, which is an assumption that cannot be readily assessed in the present context 
For further details, see, for example, Kmenta (1971, pp 392-95) 
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EsrniATBs op Reokekion Ewationi Explainino Ratio 
OF Wept German Net Exports to Value op 
Grom Production for 1962 and 1969 


Ecuation 

Constant 

Term 

Independent Variables 

K H E + T 

ILL 

S 

A' 

F 

1962a 

020 
( 374) 

- 002»* 

(2 240) 

.006* 

(1 836) 


25 

204 

2 818* 

1962b 

026 

(571) 

- 002»* 

(2 380) 

021** 

(2 467) 

25 

281 

4 297** 

1962c 

- 005 
(102) 

- 003** 

(2 650) 

003 
(1 132) 

017* 

(1 915) 

25 

322 

3 329** 

1969a 

- 036 
1453) 

- 002** 

(2 366) 

,052** 

(2.430) 


25 

253 

3 730** 

1969b 

015 

(214) 

- 002* 

(I 786) 

025* 

(2 008) 

25 

200 

2 742* 

l%9c 

- 075 
(934) 

- 003*• 

(2 648) 

043* 

(2 027) 

019 
(1 558) 

25 

331 

3 456** 


Note — Srr table I roatnotei 


Since data were available on West German trade balances by industry 
V1S-4-V1S the other industrial countries and the LDCs, we next sought to 
determine if this distinction had any effect on the foregoing relationships 
The results are indicated in table 3 ’ For 1962 it is evident that the 
coefficient for the KjL ratio was negative for industry-scaled trade 
balances for both regions The skill ratio performed somewhat better than 
the HjL variable, and there were indications again of collineanty For 
1969 the results for the KjL and HjL variables for industrial countries 
were similar to the results obtained for the total trade balances noted in 
table 2 For the LDCs only the HjL variable held up in the regressions 
reported In any event, it would appear from these results that West 
Germany is implicitly exporting relatively more of the services of human 
capital to both the industnal countries and the LDCs It is imphcitly 
importing the services of physical capital from the industrial countries 
and only very weakly so with respect to the LDCs 

The sample of 25 industries included seven that were natural-resource 
intensive or dependent to a large extent on nontraded goods ‘ ® In order 
to determine how inclusion of these seven industries might affect the 

* In pnnciple, the coefhcienU for the industnal countnes and LDCs in table 3 should 
sum to those shown in table 2, except that West German trade with the socialist countries 
has been excluded from the analysis If the regional dichotomy in table 3 had been 
comprehensive, it would have been desirable to impose addmg-up constraints and use 
generalized least squares in order to improve the efficiency of esUroaUon 

‘•These were mineral oil, pulp, paper, and paperboard, pnnting and related 
industnes, nonferrous metals, stone and earthem goods, food, beverages, and tobacco, 
and sawmills and woodworking It may be noted that the mining industry had already 
been excluded from the 25-industry sample 
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TABLE 3 


Estimates of Reoression Equations Explaining Ratio of West German 
Net Exports to Value of Gross Production for 
Industrial Countries (INDC) and Less Developed Countries (LDC), 1962 and 1969 


Equation 

Constant 

TfeRM 

Independent Variables 

A H E+ T 

L L L 

JV 


F 

1962 

INDC(a) 

022 

( i74) 

- 002* 

(2 066) 

004 
(1 593) 


25 

174 

2317 

INDC(b) 

022 
( 687) 

- 001** 

(2 295) 


014** 
(2 357) 

25 

264 

3 955** 

lNDC(cj 

004 
( 112) 

- 002** 

(2 452) 

002 
( 902) 

012* 

(1 870) 

25 

292 

2 886* 

LDC(a) 

004 
( 21,4) 

- 001** 

(2 226) 

001* 

(1 810) 


25 

201 

2 768* 

LDC(b) 

008 

(6J4) 

- 001** 

)2 130) 


004* 

(1 948) 

25 

217 

3 052* 

LDCtcj 

- 001 
( L'a'i) 

- 001** 

(2 470) 

001 

(1 226) 

003 
(1 402) 

25 

270 

2 582* 

1969 

INDCiai 

- 010 

1 175) 

- 002** 

(2 647) 

037** 
(2 437) 


25 

277 

4 213** 

INDC(b} 

030 
( 582) 

- 001* 

(2 031) 


017* 

(1 879) 

25 

209 

2 901* 

INDC (c) 

- 036 
(0 618) 

- 002*** 
(2 891) 

032* 

(2 048) 

013 
(1 422) 

25 

340 

3 613** 

LDC(a) 

- 020 
( 946l 

- 0004 
(1 4652) 

012** 
(2 123) 


25 

174 

2 323 

LDC(bl 

- 008 
( 410) 

- 0002 
(9027) 


006* 

(1 744) 

25 

126 

1 586 

l.DC(c| 

- 029 
(I 328) 

- 0004 

1 1 6699) 

010* 

(1 751) 

004 
(1 317) 

25 

237 

2 179 


Norr -Stfp tjblf I foodiott*^ 


results, the regressions in tables 2 and 3 were reestimated A dummy 
variable was introduced separately for natural rtsource industries (0) 
and other industries (1), and multiplicative interaction teims were also 
formed with each of the independent variables in the model A hetero- 
skedastic correction was applied to the OLS estimates to take into 
account the piesurned variation between observ'ations with regard to the 
two-industrv groups " The results are shown in table 4 


" The rationale (or this procedure can be seen d we posit regression equalions as 
follows 

), = *0 + *1-^1 + Cl Z = 0, (3; 

i 1 = ^0 + + C| Z = I (4) 

for the twewindustry groups, where Y is the dependent variable, A' refers to iht independent 
variables, and the c's arc disturbances If we enter the dummy variable separately and 
interacted with the independent variables, the regression equation to be estimated is 

J^i = ,0 + /[Z, + izXZ, + '/iXi + e, 


(5) 
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For 1962 il is evident, especially for the LDCs, that the two groups of 
industries can be distinguished m terms of the coefficient charactenstics 
of KjL and {E + T)IL. These results are much more clearly evidenced 
for 1969 In contrast to the results in tables 2 and 3, the HfL variable was 
not statistically significant It thus appears that the skill ratio may 
capture the relevant human capital characteristics more effectively than 
the wage-differential measure when the industry groups are separately 
identified We had hypothesized that the skill ratio might reflect industry 
differences m R & D, but this cannot be ascertained precisely without 
additional data 

Regression coefficients for the levels of the relevant variables for the 
two industry groups are recorded in table 5 * ^ While many of the 
individual coefficients were not statistically significant, it is evident that 
the natural-resource industries had positive coefficients for the KjL ratio 
and negative coefficients for the skill ratio, whereas the opposite pattern 
was recorded for the other manufacturing industries It can be concluded 
therefore from tables 4 and 5 that the factor services implicit in West 
German net exports differ depending on whether we are considering 
natural resource or other manufacturing industries This is shown to be 
the case for both total net exports and for net exports vis-ii-vis the 
industrial countries and the LDCs ' ^ 

One final thing that we did was to investigate the influence of nominal 


Because ihe natural resource and other mdustnes ma> be structurally different, the 
variance of the stochastic disturbances in eqq (i) and (4) may be presumed nonconstant 
This implies that OLS estimation of cq (5) will not be efficient and that a correction 
for heteroskedasticity is required We thus proceeded by first estimating eq (5) by means 
of OLS and then, on the basis of the residuals, calculated the standard error of esUmatc 
lor each of the two-industry groups We then transformed the variables and constant 
terms by dividing them by each industry group’s estimated standard deviation and ran 
OLS on the transformed eq Ci) Details on the foregoing procedure, which is asymp¬ 
totically iquivaient to maximum likelihood estimation, can be found in Kmenta (1971, 
pp 264-(ifi) 

Eq (3) above for the natural resource industries (2 = 0) can be wnllen m terms 
of eq (5) as T, = yg -f c,, from which it follows that Ug H /o “nd a, = yj 

Similarly, for other industries (2 = I), we have }| = (xo + /’i) + 
so that ^0 s yg 4- y, and /I, 3 + rs and ,, s - ag and ,i = - a. Thus, 

the regression coefficients for the natural resource industries are the ones shown under 
KjL, HjL, and [E T)IL in table 4, whereas the regression coefficients for the other 
industries arc obtained by summing the aforcmcniioncd ones with the respective dummy- 
vtuiable interactions noted in table 4 It should be noted that the coefficients recorded 
in table S have been calculated with more decimal places than indicated in table 4 

See Baldwin (1971, pp 139-41) for an analysis of the determinants of U S net 
exports by region for 1962 Whde our results cannot be eompared directly wtlh his 
because of differences in measurement of variables and our use of a less detailed break¬ 
down, there is nevertheless a broad similarity in the performance of our skill rauo for 
the two types of regions Similarly, while our results cannot be compared directly with 
those obtained by Fell (1972, 1973), our conclusions are somewhat different from hts in 
suggesting that the services of human capital in West German net exports are important 
with respect to both the industrial countries and the LDCs 
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lUomBMiOM CotmeiBNn pok Wut Gbkmah 
Natural Ruouroc and Othsr iNDurntm, 1962 and 1969 


Natural Rriourcs Induitrisi Other Induetrie* 


Equation 

K 

L 


E + T 

L 

K 

L 

H 

L 

E + T 

L 

1962 

All countries 

003 

005 

- 046 

- 001 

001 

014*^ 


(I 093) 

(472) 

(1 526) 

( 593) 

(419) 

(1 776) 

INDC 

001 

001 

- 016 

- 001 

001 

008 


(694) 

( 190) 

(744) 

( 629) 

(342) 

(1 265) 

LOG 

001*» 

001 

- 024*** 

- 0001 

0003 

004*** 


(2 268) 

(412) 

(3 193) 

(.1907) 

( 5309) 

(3 215) 

1969 

All countries 

004 

022 

- 091»* 

- 003 

032* 

020** 


(1 223) 

(232) 

(2 265) 

(1 361) 

(1 797) 

(2 147) 

INDC 

003 

- 007 

- 055* 

- 003 

028* 

Oil 


(1 155) 

( 105) 

(1 839) 

(1 632) 

(1 927) 

(1 494) 

LDC 

001* 

014 

- 034*** 

- 0002 

005 

006*** 


(1 893) 

(635) 

(3 757) 

( 4036) 

(1 375) 

(3 584) 


Note —See labie \ footnote! 


tariffs and effective tariffs on West German net exports The variables 
had the wrong sign, however, and therefore the results are not reported 
m detail here ' * 


in. Conclusion 

While our study has been circumscribed due to data limitations, we have 
nonetheless established that West Germany is implicitly expiorting the 
services of human capital and implicitly importing the services of physical 
capital for other than natural resource industries This result appeared 
for net exports with respect to both industrial countries and LDCs The 
opposite pattern was observed for the natural-resource industries The 
conclusion to be drawn therefore is that the distinguishing characteristics 
of natural resource and other industries must be given explicit recogniUon 
in studying the determinants of the structure of trade 


'^Tariff data were available from Fels (1972) for 1970 for the 18 manufacturing 
industries, exclusive of the natural resource industries Assuming that lelauvely higher 
tariff rates had a restrictive effect on imports, the ngn of the tariff variable waa expected 
to be positive since industries with higher tariffs would have smaller net import ratios 
VVe thus entered the nominal and effective tanff rates, with West German intra-EEC 
trade rliminated, into our regressions Both tariff variables bad negative coefficients in 
all the regressions, but only the effective tanff coeffiaenu were statutically sigmEcant. 
These results thus suggest a different direcuon of causation than hypothestxed so that what 
we really need is a model that can account for both the impoaition and consequences 
of tanffs huch an inquiry must be left for future invealigation 
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We have also shown that the scaling of variables affected the results 
substantially; the coefficients on physical and human capital were different 
m sign and magnitude, making the aggregation of the two types of capital 
questionable in studies of the factor services embodied in trade; the 
coefficient on the human capital variable appeared to have increased 
markedly between 1962 and 1969; and the influence of tariffs was the 
oppiosite of what was expected, suggesting that we need to consider how 
net imports determine tariffs as well as vice versa 

We have by no means provided a comprehensive explanation of the 
factors reflected in West German trade In particular, it would be desirable 
to investigate the importance of exjjenditures on R & D, economies of 
scale, and innovative performance Furthermore, it would be interesting 
to make relative comparisons among countries if the requisite information 
could be obtained 
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The Property Rights Theory of the Firm: 
Empirical Results from a Natural Experiment 

H. E. Freeh III 

Umvernfy qf Calffomta, Santa Barbara 


In the property rights theory of the firm (Williamson 1969, 1970; Alchian 
1961, Alchian and Kessel 1962, Alchian and Demsetz 1972, Furubotn 
and Pcjovich 1972) a connection is made between the property rights in 
the firm held by the decision maker and the behavior of that decision 
maker This paper compares the performance of firms with different 
types of property rights in providing a standardized product under 
contract to the federal government * 

The standardized product is physician services insurance (Part B) 
claim processing for the Medicare program Both private property firms 
(commercial profit-seeking insurance companies) and attenuated property 
rights firms (nonprofit mutual and Blue Shield firms) provide these 
services to the Medicare administration for different administrative areas 
Thus, the Social Security Administration has provided an opportumty 
for observing the influence of alternative specifications of property rights 
on the performance of the firms 


Theory 

Under private property rights the decision maker has the right to (1) 
decide about the use of the firm’s resources, (2) keep the residual (total 
revenue minus contractural costs), and (3) capitalize any wealth gmns 
of the firm by selling his rights 


An earlier version of this paper was presented at the Western Economic Asmciation 
meetings, Las Vegas, June 1974 Thanla are due to the participants of that session, the 
editor, Paul B Ginsburg, Kenneth W Clarkson, Michael Ward, Sam Peltzman, and 
Jack Hirshleifer for helpful comments Robert TopcI provided valuable research assistance 
and excellent comments Ronald J Vogel gave vital assistance in obtaimng data and 
illuminating cnticism Special thanks are due to David M Barton, who shared lo the 
early conception and planmng of the research If he had been able to contmue, he would 
be listed as coauthor Finally, 1 am grateful to the Unisrersity of Cahfomia, Santa 
Barbara Academic Senate Committee on Research for financial support 
' for discussion of the nature of the contract see Blair, Ginsburg, and Vogel (1975) 

»/ Polihail Ecmm), 1976, vol 84, no I] 
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As property rights are attenuated for a nonprofit firm, the decision 
maker cannot keep the residual Further, he cannot capitalize additions 
to the firm’s wealth by selling the rights to futuie income flows 

The attenuated rights lead to different behavior than private property 
rights in two wavs First, the attenuated rights effectively reduce the 
price of nonpecuniary amenities (pleasant offices and colleagues, short 
working hours, greater output) to the decision makers This leads to 
choice of lower firm wealth and more nonpecuniary benefits 

Using the approach of Williamson (1970), the effects of attenuated 
property rights can be formalized The decision maker maximizes a 
strictly concave utility function over wealth, W, and nonpecuniary 
benefits, N, L , N), subject to the concave technological and market 
constraint on the possibilities combinations of [V and A’) ^ 0, 

and the non-privatc-propcrty constraint^ limiting wealth to the present 
value of salary, S, W — S < 0 Ignoring corner solutions, the marginal 
condition is (dlVjdN) = —(dUldN)l[{dUldW) — A 2 ], where ** the 
Legrangion multiplier for the non-pnvate-property constraint 

The interpretation of this condition is straightforward Under private- 
property rights, 72=0, and the technical rate of exchange W and N is 
equated to the rate of substitution m utility terms This corresponds to 
point Op in figure 1 

However, under attenuated property rights, A 2 > 0 Thus (dWjdN) 
IS lower (more negative) This can only occur where IV is lower and N is 
higher, corresponding to Os is figure 1 

Thus, attenuated property rights lead to a choice of lower firm wealth 
and greater nonpecuniary benefits If these nonpecuniary benefits include 
elements other than quantity and quality of output, the nonprofit firm 
will exhibit higher production costs, for the same output, than the 
profit-seeking firm 

The second wav in which behavior altered is llial the attenuated rights 
reduce the gains to the takeover of poorly managed firms The gains of 
efficient new management are of less value to the new owner because he 
could neither retain the residual in wealth terms nor sell his ownership 
alter improving the management of the firm 

The result of these reinforcing effects is that, m Alchian and Demsetz’s 
words (1972, p 790), “One should, therefore, find greater (management) 
shirking in nonprofit enterprises ” 

An aside on the survival of nonprofit firms ■ —The analysis presented above 
implies that nonprofit firms will operate less efficiently than profit-seeking 
firms If entry were free, competition would lead to the demise of nonprofit 


* It may be possible to increase wealth by giving up some other benefits, but this only 
complicates the analysis 
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Fiq 1 —Property rights and the optimal combination of firm wealth and managerial 
nonpecuniary benefits 


firms There are two reasons why this predicted disappearance of non¬ 
profit firms does not occur 

First, and simplest, government regulation may cause cost disadvantages 
for profit-seeking firms This will be discussed below 

Second, the nonprofit legal form has important advantages for a firm 
whose output IS subsidized by charitable contributions Donors (either 
private parties or the government) do not want the firm’s owners’ wealth 
maximized—they seek to raise the firm’s output By preventing appro¬ 
priation of the residual, they can be assured that donations and grants 
must be spent within the firm If output is an important nonpecuniary 
benefit to the firm decision maker, donations will increase output 


Past Studies 

In spite of the intuitive appeal and apparent importance of the analysis, 
there have been relatively few attempts to measure empirically the 
impact of alternative property rights specifications on costs of operation 
The ones which have been undertaken (Nichols 1967, Clarkson 1971, 
1972, Davies 1971, Spiller 1972) suffer from the problem that the output 
is not quite held constant nor controlled for in the analysis. The result is 
some degree of ambiguit' concerning the independent influence of 
property rights structure versus the difference in costs of supplying 
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different products. Another important weakness in much of the work is a 
lack of statistical testing (Clarkson’s work is an important exception). 
This study examines the data on Medicare insurance claim processing by 
intermediary firms of differing property rights structures This provides 
a natural experiment, where the data allow one to attribute with some 
confidence differences to property rights structures, since the specification 
of output and the legal environment are determined by contract with 
the Social Security Administration ^ 


Industry Structure 

The health insurance industry, from which Medicare intermediaries arc 
chosen by the Social Security Administration, is largely made up of three 
types of firms, ordinary profit-seeking insurers, mutual insurers, and 
Blue Cross and Blue Shield nonprofit firms which provide physician and 
hospital insurance, respecavcly 

By the argument of the "Theory" section above, the nonprofit insurers 
should be unable to compete with the more efficient profit-seeking 
insurers Therefore, the survival of the mutual and Blue Cross-Blue Shield 
firms deserves some comment 

In the case of the mutual firms, it appears that their form allows them 
to undercut the regulated insurance price by paying dividends to insurers 
(Kimball 1960) Further, as is discussed below, their actual property 
rights may not be very different from profit seeking firms 

Blue Cross and Blue Shield firms survive because of quite strong 
regulatory and tax advantages in almost every state (Freeh 1974) In 
many states. Blue Cross and Shield firms pay no taxes on property or 
premium income, while profit-seeking and mutual firms must pay such 
taxes Premium taxes alone average about 2 percent of gross premium 
volume In the majority of states, special laws have been passed granting 
tax and regulatory advantages to these firms 


The Elxpenment 

The Social Security Admimstration contracts with private health 
insurance firms for claim processing services These firms deal directly 
with medical care providers and consumers A government report on the 
Medicare program states that “the earners’ pnncipal function is to 
determine whether charges arc allowable (reasonable) and to make 


^ For more detail on the nature of the relauotuhip of the Social Seflunty Admuustration 
to the independent intermediaries, see Blair, Ginsburg and Vogel (1975) and U.S. 
Department of Health, Education, and Welfare (19735). 



OOMMUNIOATIONS 


147 


TABLE 1 

McDIQAlUt PnOCIMtNO PUirOiUCANCB AND OwNaSIHIP 


Average 

Co»t per Dollar Proceaiing Time Erron per $ 1,000 

Procoied (Dayi) ProceaMd 


Profit-seeking firms 
= 12 ) 

Nonprofit firms 
(N = 66) 

Approximate /-value for 
difierence of means 
Degrees of freedom 
Statisticid significance 
(one-tail test) 


$00715 

18.70 

0 1844 

(0 0178) 

(10 34) 

(0 0717) 

0 1039 

33 59 

0 4426 

(0 0331) 

(19 83) 

(0 7576) 

4 908 

3.565 

2 706 

29 9 

31.3 

70 9 

< 0005 

0009 

.005 


Note— If vEriances Ere EEaumed to be difleient sod unkuowm, the EppropnEte tctt itElutic » ep 
E pproximEte / VElue (YEinEne 1967, pp 522-24) StEPdEtd deviElioOE Eie ihowp in pErcnthescE 


payment” (U S Department of Health, Education, and Welfare 1973i). 
Thus, the carriers have no role in such common insurance activities as 
classification of risks and determination of benefit packages The narrow¬ 
ness of the service and its contractural (rather than market) determination 
are important advantages Unmeasured variation in type of service is 
likely to be very low 

As is obvious from the large variation in the data on costs and per¬ 
formance, firms and their geographical regions were not selected on the 
basis of competitive bidding Further, no carrier has been dropped for 
poor performance Since the selection and retention of intermediaries 
was not based on cost minimization, efficiency cannot be inferred from 
survivorship 


The Empirical Analysis 


Properly rights and performance —The first step to detcrmuie the influence 
of property rights structure on performance is to examine the actual 
performance of the firms The data presented in table 1 give the means, 
standard deviations, and statistical significance level of the difference in 
means for average cost per dollar processed, average processing time, and 
errors per dollar processed for nonprofit and profit-seeking Medicare 
Part B intermediaries, based on data from the Social Security Admin¬ 
istration (U S Department of Health, Education, and Welfare 1973a) ♦ 
Nonprofit firms include Blue Shield, one government agency, one 


♦ A nonprofit firm with very poor perfomMnee wu deleted from the wmple tt 
of incomplete date on errors 
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prepaid group practice, and mutual (owned by policyholders) firms * 
As one can sec, the supenonty of the private property firms is striking. 
The probability of these performance differences occurring by chance is 
apparently very low 

Sc^e and performance —Observation of the scale of operation of the 
intermediary operations of the profit-seeking and nonprofit firms reveals 
that the average nonprofit firm opieration is smaller ($6 679 million 
contrasted to $8 914 million per month) It may be interesting to examine 
how much of the lower performance of the nonprofit firms can be 
associated with the lower scale of operation Further, the nonprofit firms 
produce at a lower scale in the dimension of what Hirshleifer (1962) calls 
the breadth of production The size of the average claim of the nonprofit 
firm IS lower than that of the profit firm ($32 12 vs $45) Following 
Hirshleifer’s reasoning, aggregating the same dollar value of payments 
into fewer larger claims would lower costs Thus, I will examine the 
relationship of performance to these two dimensions of scale to see if the 
poorer performance of the nonprofit firms can be explained entirely by 
low levels in these two scale dimensions 

For purposes of the estimated functions, the scale variables must be 
taken as exogenous due to lack of data Based on the same data as the 
comparison of means, functions have been estimated relating performance 
to the two dimensions of scale and the property right structure of the firm 

Estimated equations —The simplest version of the cost function takes the 
following form (in logs) CPAY = C j 8 j PAY -f CLSZ + ^3 NP, 
where C is a constant, CPAY is the cost of processing per dollar payment^ 
made by the intermediary PAY is a scale variable, the dollar value of 
the payments made by the intermediary, CLSZ is the size of the average 
claim, a measure of the breadth of production, and NP is a dummy 
variable (not in logs) which takes on the value zero for a private propierty 
and one for a nonprofit firm ^ 

For the other output dimensions, average processing time (in days), 
TIME, and the number of errors per dollar processed, ElAPY, and the 


’ Although mutual insurers are nominally nonprofit firms, their actual constraints may 
be quite similar to profit-seeking firms First, the remuneraUon of the top-management 
group IS not closely regulated Second, mutual firms often have close corporate ties with 
profit-seeking firms Thus, one might expect ihcir behavior to be more like profit-seeking 
firms When mutuals are compared with other nonprofit firms they perform significandy 
better in terms of cost and processing time, but slightly (and statistically insignificantly) 
worse in the dimension of accuracy Apparently their property rights are somewhat less 
attenuated than (hose of the typical nonprofit firms 

* A reasonable alternative definition of average cost is cost per claim processed This 
amounts to deflating cost and errors by the number of claims, rather than by dollar 
volume Equations (l)-(3) were recslimated, using this dcfimtion The results were 
virtually identical, except for slightly worse fit to the data 

'' More complex functional forms, such as quadratic and dummied slopes, gave similar 
results, but with notably lower l-values and /?* (corrected for degrees of freedom) 
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reduced-form equation is of the same form Below are the equations, 
which were esumatcd using ordinary least squares (t-statistics in 
parentheses)' 


CPAY = 

-0 703 

-0 051 PAY 

-0 390 CLSZ 

+ 0 152 NP 



(-2 598) 

(-3517) 

(2 219) 

(1) 



N = 78, = 605 



TIME = 

1 931 

-0 080 PAY 

+0 436 CLSZ 

+ 0 600 NP 




(-1 482) 

(1 435) 

(3 179) 

( 2 ) 



N = 78, R^ = 140 



EPAY = 

5815 

+ 0 032 PAY 

-2 084 CLSZ 

-0 550 NP 




(0 333) 

(-3 723) 

(-1 618) 

(3) 


N = 78, = 294 


The cost function is most interesting This simple model, with only two 
dimensions of scale and the property rights variable, explains over 60 
percent of the cost variation The effect of a nonprofit property rights 
structure is to raise costs by about 15 percent And the difference is 
significant at the 5 percent level 

The equation for the determination of TIME does not fit as well, 
explaining only about 14 percent of variation of TIME However, the 
results are quite interesting and reasonable Scale has a negative effect 
on processing time, while the size of each claim (reflecting claim complexity, 
in part) increases TIME Note that the nonprofit firms pjcrform sub¬ 
stantially worse in this dimension, NP increases TIME by about 60 
[ percent, with the coefficient significant at the 0 1 percent level 

The equation for errors per dollar of payment fits better than the one 
|for TIME, explaining about 30 piercent of the variation in EPAY Scale 
is essentially unrelated to EPAY, while the average claim size is strongly 
negatively related, presumably because processing the same number of 
dollars with fewer claims leads to fewer opportunities for errors Turning 
|o the properly rights variable, EPAY is the only output dimension for 
vhich controlling for the two scale dimensions reverses the result that 
jlonprofit firms are less efficient However, the NP variable is not sig- 
ificant at the 5 pierccnt level (the /-statistic of -1 618 is significant at 
Approximately the 10 percent level) 

Unfortunately, unless one rejects the relationship of NP to EPAY as 
itistically insignificant, the results are ambiguous to the issue of whether 
be choice of scale is the main determinant of nonprofit inefficiency or 
Whether the entire cost surface is higher for such firms I'here arc two 
^ssible ways to get some i.idication concerning whether private property 
jhts lowers the firm’s cost surface The most natural is simply to enter 
be variable EPAY as an explanatory variable in equations (1) and (2) 
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to see if nonprofit firms have higher costs and slower processing times 
holding errors constant Doing that results in the following equations. 


CPAY 


-0 745 -0 051 PAY 

(-2 592) 


-0 375 CLSZ 
(3 075) 


+0 156NP +0 007 EPAY 

(2 224) (0 307) 

N = 78, = 605 


TIME = 


1395 -0 083 PAY 

(-1 547) 


+ 0 628 CLSZ 
(1 905) 


+ 0 648NP +0921 EPAY 

(3 413) (1.444) 

N = 78, = 164 


(4) 


(5) 


Taken at face value, these equations indicate that even holding EPAY 
constant private property firms arc more efficient in terms of costs and 
processing time Inclusion of EPAY in the two equations makes virtually 
no difference This would seem to add confidence to our results 

Unfortunately, there is a serious econometric problem with this 
approach EPAY is not exogenous In fact, the errors in equation (3) arc 
doubtlessly positively correlated with those of equations (4) and (5) If 
the errors in those equations represent firms which are either poorly 
managed or operate in a high-cost environment, these firms are likely to 
perform badly in all three output dimensions Thus, the errors will be 
positively correlated and the coefficient of EPAY in equations (4) and 
(5) will be biased upward Since the true tradeoff between TIME or 
CPAY and EPAY is clearly negative (errors can only be reduced by 
processmg slower or more carefully at a higher cost), the positive 
coefficients of equations (4) and (5) for EPAY indicate the extent of the 
simultaneous-equations bias and do not estimate the shape of the pro¬ 
duction possibility tradedfi" among the three dimensions of output 

Since we are not specifically interested in the shape of this tradeoff, the 
incorrect sign on EPAY creates no problem However, the bias indicates 
that the equations (4) and (5) do not control for EPAY, and therefore 
one cannot reject the hypothesis that the nonprofit firms are slower and 
have higher costs solely because they are more careful, which results in 
fewer errors (holding scale constant) 

An alternative approach is to take the point estimates of the reduced- 
form equations as accurate and sec how high a price one would have to 
place on the fewer errors of the nonprofit firms in order for their total 
costs to be equal to those of the private property firms (here we ignore 
the advantages of quick processing by the profit-seeking firms) 

Working through the calculations for this approach I find that the 
impliat cost of an accounting error would have to be implausibly high 
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at about $67.88 for the nonprofit performance to be equal to the profit- 
seeking firms “ 

Summary and conclusion —The evidence suggests that pnvate property 
firms arc more efficient as Medicare processing intermediaries than 
nonprofit firms. Nonprofit firms incur processing costs per dollar pro¬ 
cessed which are 45 percent higher Their processing takes 80 percent 
longer Further, nonprofit firms make 140 percent more errors per dollar 
processed These differences are sigmficant at very high levels of 
confidence 

Exploration by regression analysis of the impact of economics of scale 
in overall operations and in aggregating claims showed that some, but 
not all of this difference was due to inefficiently low scale in both dimen¬ 
sions for nonprofit firms Apparently nonprofit firms not only chose 
inefficient points on their cost surface, but the entire surface is higher 
for them 
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Thornton's Estimates of Efficiency 
Losses in Soviet Industry; 

Some Fixed-Point-Method Recalculations 

John Whalley 
London School oj Economus 


A number of empirical estimates of static efficiency losses resulting from 
factor market interferences have appeared in recent years ’ AVhat would 
appear to be the first set of estimates of efficiency losses arising from the 
pursuit of centrally directed allocation procedures have recently been 
presented for Soviet industry by Thornton (1971). Western economists 
have often suggested that the allocation procedures pursued in the Soviet 
economy result in an allocation of resources that is economically in¬ 
efficient, and the allocation of capital goods between industries has been 
particularly stressed * It is this feature which Thornton examines 
numerically for the first time 

Thornton’s procedures involve the reconstruction of a set of financial 
accounts for Soviet industry in a form not published in the Soviet Union 
The financial accounts are assumed to be generated by a set of quantity 
allocations and commodity and factor prices These prices are assumed 
to have sufficient allocative significance that one can claim that value 
marginal products of factors in different uses are not equalized On the 
; basis of these figures a simulation of the behavior of the economy in a 
regime where value marginal products of factors are equalized is then 
^ used to assess the inefficiency of the existing allocation The concern here 
’ IS with Thornton’s results m the context of efficiency loss estimates for 
market economics and, further, with the methods used for such a 
simulation 

1 he interpretation of I hornton’s exercise is, however, worth some 
clarification befon moving on to examine her resulu The role and 


I am grateful to Professors H G Johnson and J Thornton for their commenu on an 
earlier dralt and to the seminar in “Economics of the Commumst World” at the London 
hchtwl of Economics for their helpful discussion of the material of this paper 

there is an extensive literature, particularly on the operation of tax systems (see, 
eg , Harberger !%(>, Sho-en and Whalley 1972, WhaUey 1973). a number of other 
icrfrr^ces surh as trade umo activity (Johnson and Mieskowski 1970) have also been 
examined along similar lines 

’ Sec the discussion in Bergson (1964, chap 14) 

[Jmnut ftf Pohtual hcommy 1976, vol 84 no 11 
© 1976 by The Univeriity ol rhienffo All nshli merved 
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Structure of the Soviet pricing system which underlies Thornton’s 
accounts have been carefully studied in the West over a number of years 
The consensus would appear to be that, even though the Soviet economy 
is centrally planned in terms of quantities, the pricing system has a 
somewhat limited allocative significance. There is, however, a genuine 
area of doubt as to the degree to which the Soviet price structure is, in 
fact, “passive” in the sense of providing purely accounting prices In a 
hmiting case, the underlying real allocation within the economy could 
be changed from an efficient to an inefficient allocation along with a 
change in the accounting prices such that the industry-wide financial 
accounts were unchanged To the extent that Soviet prices are “passive” 
in this way,^ little quantitative inference in the way of economic efficiency 
can be confidently drawn from a simulation analysis of Soviet financial 
accounts The analysis in this note, as in Thornton’s original paper, is 
predicted by an acceptance of a limited allocative role of the Soviet 
pricing structure, and it is this acceptance that allows the present 
equilihnum analysis of Soviet allocation procedures 

In the light of efficiency loss estimates of factor market distortions m 
market economies, the estimates obtained by Thornton appear to be on 
the small side for the size of distortion considered (in the order of 3 percent 
of value added in Soviet industry) Thornton’s calculations are made 
using the same general equilibrium structure as has been adopted for 
market economy loss estimates, but the distortion parameters involved 
considerably exceed those previously considered in work on market 
economies 

The purpwse of this note is to report some recalculations of Thornton’s 
estimates which test their accuracy and sensitivity to various param- 
eterizations of the model Thornton implicitly solves a numerical general 
equilibrium model but does so by using approximation procedures and 
under restrictive parametric assumptions Recent developments have made 
approximation procedures for the solution of equilibrium problems re¬ 
dundant, as full general equilibrium methods can be applied directly For 
some parameterizations of general equilibrium models it has been shown 
approximation procedures may be quite unreliable, for others less so 

In addition to a concern over computational procedures, it is also the 
case that Thornton restricts attention to the case of all industries having 
Cobb-Douglas production functions, an assumption which is unsatis¬ 
factory in view of the finding by Wcitzman (1970) of a low elasticity of 
substitution in Soviet industry The computational methods used here 
easily allow multi-industry efficiency loss calculations to be made for 
different values of the elasticities of substitution.* 

’ See the ducusaion of this issue presented in Wiles (1962) 

* These methods are somewhat technical in detail, and the interested reader u referred 
to Shoven and Whalley (1972, 1973) and Scarf (1973) for further details 
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The assumptions on the Soviet pricing structure implicit in these 
calculations should, however, be reemphasized.* It is assumed that the 
labor market in the Soviet industrial sector is compeutive and that an 
implicit capital-good market operates through chaiges levied by the 
central authority which arc such as to clear the market were decentraliza¬ 
tion to be introduced It is often argued that Soviet labor markets are 
competiuve to a tolerable approximation which, if reasonably accurate, 
leaves the reliability of the capital charges as possible capital market 
clearing decentrahzed prices subject to doubt, one must, of coufse, 
confess that a question mark (in perhaps heavy pencil) would have to be 
placed against this particular assumption. 


Thornton’s Estimates of EfRciency Losses in Soviet Industry 


In an economy with many industries, each of which uses two factor 
inputs (capital and labor services) which may be substituted for each 
other, the conditions for an efficient allocation of productive factors 



require that the ratio of marginal products of factors be the same m all 
industries In a competitive market environment this will be assured if 
the same payment per unit is made to factors of production in all possible 
uses In market economies, factor market interferences have been 
characterized as resulting in factor rewards which vary according to 
industrial location As factors of production are assumed to “flow” 
between industries in such a way as to equalize the “nct-of-distortion” 
returns, inequality in the gross returns across industries (the ratios of 
marginal products) results, yielding an inefficient allocation * 

In the case of Soviet industry examined by Thornton it is primarily 
the application of investment criteria on a different basis for various sub 
industries (sectors) which it is suggested results in an inefficient allocation 
of productive resources In Soviet industry the application of payback- 
period criteria for investment appraisal typically involves different 
payback periods for each sector This may be represented as a situation 
in which differential effective charges are levied by the state by way of 


’ Ont should also mention certain aspects of Thomton^s calculations which are not 
examined m this note No changes are made in the model or the data used by Thornton 
as the focus is on the sensiuvuy and rehabihty of estimates There are undoubtedly 
refinements of this form which one might contemplate for these calculauons. For instance, 
agriculture and services arc not included, so the potential cHicicncy gains from movement 
of Soviet capital goods out of the industrial sector altogether arc not captured No 
dynamic considerations are involved Equally, there is inevitably room for dispute over 
particular features of the data, and a reexamination of sources and interpretation of 
particular figures may affect the results 

Unless, by chance, the separate systems of distortions arc oflKtting, e g , industry A 
pays 20 percent tax on hirings of capital services and also 20 percent on hiungs of labor 
services, so the ratio of marginal products (gross of tax returns) is the same as m industry 
B (where no tax operates) 
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required returns to capital. In this way Thornton’s model becomes 
analogous with those used in the analysis of factor market distortions in 
market economies Those sectors with short payback periods tend to 
receive too little capital and those with long payback periods too much 
capital relative to that which they might receive if an efficient allocation 
were being sustained for the same output mix 

Thornton’s procedure for estimating efficiency losses arising in Soviet 
industry is first to determine the parameters of the model (the production 
functions and the differentials in factor charges by sector) and then make 
some assessment of the behavior of the economy in the absence of 
differential charges ^ The production functions aie assumed to be of 
Cobb-Douglas form, and the distortion parameters are estimated by 
examining data for components of Soviet industry from Thornton’s 
reconstructed financial accounts (13 sectors within Soviet industry are 
considered) Data on the sector returns to capital* and the wage-bill® 
sector for I960 and 1964 arc used (the sum for each year being value 
added within each sector) 

Capital stock data by sector are used to give an estimate of the capital 
charge per physical unit employed The differential of the imputed 
charge for each sector over the smallest charge calculated for all of the 
sectors may be thought of as the distortion parameter (one parameter 
for each sector) 

In a market context, Harberger (1%6) has been concerned with the 
efficiency loss from a tax differential in the United States of 85 percent 
on net-of-tdx capital income between low taxes and highly taxed sectors 
Thornton’s distortions are much more substantial than this in terms of 
the largest distortion, although the graduation of distortions across 
industries is an offsetting feature * * Thornton’s estimates of efficiency 
losses are in the order of 3 percent of value added in Soviet industry, 

’ Thornton presents estimates both for I960 and 1964, the figures for 1960 bung given 
both for ntt and gross returns to capital in each industry (the difference being capital 
consumption by industry) Estimates using the net return to capital data art considered 
here A justification for this is that a form of stationary state where the capital stock is 
being preserved is implicitly being considi red and nct-of-deprcciation returns are more 
appropriate for such an interpretation Equally, only I year’s data are considered, as the 
primary focus of this note is the sensitivity of Thornton's results to calculation procedures 
and parameter values 

* Returns to capital in any year comprise profit in industry (the value of sales less 
turnover taxes and the industry wage bill) and depreciation charges In this note, 
Thornton’s calculations using net returns on capital are considered, although calculations 
using gro« returns are also presented The difference m the estimates obtained is small 

* This IS estimated from employment, average wage, and social insurance deductions 
by industry 

’’’The capital stock data consists of fixed plus working capital tor I960 official 
Soviet data are used, for 1964 nonofficial Soviet source data 

* ‘ The highest rate of return is for light industry (31 13 percent) and the lowest is for 
peat (3 62 percent) The average for all Soviet industry is 13 47 percent 
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which compare with Harbcrger’s estimates of 1 0-1.5 percent of total 
product (for an economy-wide model). 


Recalculations of Thornton’s Results Using Fixed-Point Methods 

Thornton’s estimates may be compared with recalculations obtained by 
similar methods used to reexamine some of the market economy efficiency 
loss calculations referred to earlier. A complete procedure must take 
account of the fact that demand conditions as well as supply conditions 
are needed to determine prices The method thus requires a specification 
of explicit demand functions in addition to the production functions All 
of the parameters of the model must be such that the state achieved by 
Soviet industry in the presence of differential charges can be replicated 
as an equilibrium state The differential charges are then removed and 
a new equilibrium computed In each case an equilibrium is characterized 
by an equilibrium set of prices such that at these prices demands equal 
supplies for all commodities, and no production process in any sector 
makes positive profits 

Constant elasticity of substitution (CES) production functions are used 
for each sector of Soviet industry, the Cobb-Douglas case examined by 
Thornton is reexamined as a special case for which the elasticity of 
substitution in each sector is unity On the demand side, one consumer 
(the Soviet planner) has a utility function defined on the values added in 
each sector Thornton is concerned with a case where the mix of value 
added is preserved across Soviet industry, and this is replicated by using 
; a CES utility function with a very low elasticity of substitution (0 001 is 
jused) A further set of calculations is performed with Cobb-Douglas 
futility functions 

The results of the recalculations are reported in table 1 For the case 
|which most closely matches that considered by Thornton it can be seen 
that Thornton’s estimates are not too far from those obtained using the 
ted-point methods of calculation This closeness is not inconsistent with 
finding by Shoven and Whalley (1972) that the approximation pro- 
bedures for distortion calculations for market economies tend to move 
imewhat closer to the general equilibrium calculations as the elasticity 
>f substitution rises, although larger discrepancies between methods of 
ilculation have been found by Whalley (1973) in a model of the U.K 
conomy For smaller values of the elasticities of substituUon (say, 0 4 as 
eported m table 1) the discrepancies between estimates from various 
lethods could well be more substantial If the mix of value added is 
instant, the index number problem of differences in the estimates of 
Efficiency losses depending upon choice of price weights does not seem 
be of major importance. 1 his feature is perhaps surprising, as move- 
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TABLE 1 

Recalculation of Thornton'i EanMATKs or Static Efficiency Lomes 
IN Soviet Industry 


Elastjcjty 

OF SuB3TITUnON 

IN Production 
Functions 

Chanoe in Value Added (%) 

Valuation 
at Prtchangc 
Equilibrium Prices 

Valuation 
at Postchangc 

Equilibrium Prices 

Case A Constant Value-added Mix* 

04 

1 33 

1 32 

0 5 

1 b4 

I 64 

0 75 

2 42 

2 41 

1 0 

3 13 

3 12t 

20 

5 73 

5 73 

3 0 

7 95 

7 78 

Case B Cobb-Douglas Uiihty Function 

0 4 

4 49 

1 34 

0 5 

488 

1 65 

0 75 

5 80 

2 41 

1 0 

6 62 

3 13 

30 

12 05 

788 


Note - See tEXt for <1 eUiIe< 1 ExplanalHtn 
• C rs utility function with clastuity 0 001 

t Thornton’s citimate (2 9) is actualh of u savinit in Naluc of rcxnircfn |o pnHhirr iKr same outputs 


ments in factor and output (market clearing) prices as the distortions arc 
removed are of substantial magnitude 

Along with the reasonable proximity of Thornton’s estimate for 
particular parametenzations, the other striking feature of table 1 is the 
smallness of the estimates as the elasticity of substitution assumed for 
each of the sectors falls,' ^04 corresjxinds to Weitzinan’s (1970) estimate 
of the elasuciiy of substitution in Soviet manufacturing using official 
Soviet data (he obtains a lower estimate using Western reconstructed 
data; With elasticities of substitution in this range the results in case A 
indicate that the static efficiency losses m Soviet industry might be 
1 5 percent of value added rather than the 3 percent of value added that 
Thornton suggests 

The calculations repiortcd in case B of table 1 allow for changes in the 
mix Ijeiwcen values added (the Ckibb-Douglas utility function calcula¬ 
tions) and indicate that the index number problems from price changes 
can become severe in evaluating possible efficiency eflccts Discrepancies 

' ^ As ilus deioAnd side of the economy is constrained in the calculations in case A such 
that the ‘^cwisumcr’' purchases outputs in fixed proportions, it is perhaps not surprising 
that cfikjl^Ky loss estimates fall in this case The size of the difference between estinmtes 
IS, however, substantial 
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of up to 300 percent are recorded in some cases The senousness of this 
index number problem is reminiscent of the different growth rates 
observed for the Soviet economy by Moorsteen and Powell (1966) which 
depend upon the year for which prices arc used ” 

Although only recalculations have been presented here, it should also 
be pointed out that considerable elaboration on Thornton’s calculations 
are possible within the computational framework used. On the production 
side of the economy it is possible, for instance, to incorporate an input- 
output matrix “on top” of the production functions This might be 
expected to “magnify” the curvature of the production possibility 
frontier and affect the efficiency loss estimates 
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Sharing Risks of Deferred Payment 

Steven Shavell 

Harvard Umversity 


Uncertainty often enters into an economic transaction when payment 
IS deferred In this case the risk to transactors can usually be reduced by 
agreement on a plan that makes the amount paid depend on the occur¬ 
rence of uncertain events 

For example, if movements in the price level cannot be predicted, then 
the real value of a future payment is uncertain In order to eliminate this 
risk, some economists have suggested that jjayment should be made 
according to a cost-of-living escalator That is, payment should be a 
variable (1 -(- n)N where it is the inflation in prices over the period in 
question and N is some nominal amount In principle, however, payment 
could depend in an arbitrary way on inflation The question then arises 
of what is a Pareto optimal payment plan—a plan designed so that no 
substitute arrangement could mutually benefit the transactors Parcto- 
oplimal payment plans are not, in general, cost-of-living escalators They 
are determined jointly by transactors’ attitudes toward risk, by opinions 
about the future rate of inflation, and by the correlation with inflation of 
income or outgo which is unrelated to the payment plan 
Another example in which deferred payment involves risk concerns 
, contracts made between parties who transact in different currencies under 
jconditions of uncertainty over the future rate of exchange The usual 
|type of contract, which fixes payment in one of the two currencies, is not 
?areto optimal even if the parties engage m transacUons in the forward 
cchange market A Pareto-optimal contract, on the other hand, links 
jayment to the exchange rate in a way depending on a set of factors 
Mmilar to those mentioned above for the case of inflation 
Before discussing the two examples, Pareto-optimal payment plans 
ill be briefly considered m a slightly more general context. The section 
»elow on these plans is most closely related to Borch (1960, 1962) on 
“insurance treaties and Arrow (1971) on optimal insurance policies but 


This IS a revised version of m> paper "OpUmal Payment Plana and Coat of Living 
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differs in its interpretation and in its emphasis on the effect of unrelated 
or “exogenous” changes in wealth on risk sharing 


Pareto-optimal Payment Plans 

SupfKjse that transactor (7, who is to receive payment, and transactor T, 
who IS to make piaynicnt, each acts as if he were maximizing the expected 
value of a function-giving utility of wealth * Let the utility functions of 
£/and Vhe U{ } and ), respectively Denote by d„(') and d„( ) the 
densities of their subjective probability distributions over the real num¬ 
bers, to be interpreted as states of nature ^ Assume also that d„{s) = 0 
if and only if = 0 

A payment plan is therefore a function x( ) giving the amount x[s) 
which V is to pay U when i occurs ^ Suppose that u(s) is the expected 
wealth of U exclusive of payment from V, given the occurrence of s, and 
that v(s) is similarly defined Then under a payment plan the expected 
utility of U IS 

U[u(s) + x(s)\d^{s)ds (1) 

and that of V is 

J - ^(s)]d,(s)ds ( 2 ) 

(All these functions are assumed differentiable ) Accordingly, a Pareto- 
optimal payment plan x( ) maximizes ( 1 ) with ( 2 ) held constant * 

U neither transactor prefers risk, then a necessary and sufficient 
condition for Pareto optimality is that 

- ^(0] = kd„{s)U-[u{s) + x{s)], (3) 

where ^ is a positive constant This equation implies that the marginal 
rates of substitution between dollars in different states are the same for 


^ Of course, other arguments of the utility function (including what U transferred to V 
in the exchange preceding payment) are held constant and are suppressed in the 
notation 

^ Consideration of the case in which the states of nature are vectors is straightforward 
but docs not seem to add insight 

^ Although as stated U and V have symmetric positions in the problem, we think of U 
as recipient, especially since m most real cases payment will be positive If, as may 
sometimes be appropriate, it is assumed that payment is nonnegativr, the consequent 
modifications (e g , 2: replaces s m [3J) arc, again, straightforward 

* If, say, V believes some event i* possible and V docs not, then there arc no Parcto- 
optima! plans This is because V would then be willing to contract to pay U any amount 
if the event occurred The problem obviously does not arise if either the condition 
0 if and only if d^is) = 0 or some constraint on borrowing is assumed We chose 
to make the former assumption in the interest of avoiding tedious consideration of cases 
in which constraints are or are not binding 
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U and V The equation follows easily from an argument used by Arrow 
( 1971 , p 217 ) on optimal insurance policies or from the calculus of 

variations * 

Now differentiate (3) to obtain an equation in x'{s), 

d'(s)V'[v{s) - x(s)] + d„(f)[i'’W - - ■*(^)] 

= k{d:{s)U'[u{s) + + d.WKW + At'(r)]t;'[«(i) + *(x)]}, 

or, substituting for k and solving for x (s), 

»'(j)[-F'(i)/F'(i)l - u’(s}[-U''(s)/U'(s)1 

[-V’(s)/V'(s)] + [-U'(s)/U'(s)] 

where (/'(s) = U'[u(s) + jr(f)] and similarly for l/’(s), V'(s), and F'(s) 
The slope of the payment schedule is therefore determined by the 
derivatives of wealth exclusive of payment, the levels of absolute risk 
aversion, and the difference m subjective beliefs as expressed by the 
proportional rate of change of the probability density Other con¬ 
siderations, such as bargaining power and market forces, place limits 
on the height of the payment schedule 

The effect of the difference in beliefs is easy to interpret It is to insure 
[that transactor in whose opinion the likelihood of higher s is growing 
lost rapidly 

In order to interpret other terms of the equation, assume that nsk- 
ivcrsc U and V have identical opinions Then the equaUon implies that 
v'(s) and tt'(j) are of opposite sign, x'(j) has the sign of v'{s), offsettmg 
lovements in prepayment wealth for both transactors ® But if v'[s) and 
't'(s) arc of the same sign, x'(s) is opposite in sign to the derivative of 
repayment wealth for the transactor with the greater weighted level of 
isk aversion, offsetting movements in his prepayment wealth 
Finally, note two simple facts which follow from the equation (or 
prectly from Jensen’s inequality) ( 1 ) A payment plan for two risk-averse 
|ansactors with identical beliefs and constant expected wealth exclusive 
payment is Pareto optimal if and only if payment is constant. (11) A 
^yment plan for a risk-neutral transactor and a risk averter with identical 
sliefs IS Pareto optimal if and only if it leaves the risk averter with fixed 
lal wealth ^ This second case is approached as the rauo of degrees of 
aversion of the transactors increases Divide the numerator and 

I* Borch (1960) first proved that an equation similar to (3) characterizes Pareto-opumal 
Jk. shanng 

I* This docs not mean that the imal wealth of both transactors u necessarily smoothed 
the sense, say, of a reducuon in variance) although one might expect it to be the 
J>ical case 

[ ’ Baily (1974) notes essentially this fact 
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differs in its interpretation and m its emphasis on the effect of unrelated 
or “exogenous” changes in wealth on risk sharmg 


Pareto-optimal Payment Plans 

Suppose that transactor U, who is to receive payment, and transactor V, 
who is to make payment, each acts as if he were maximizing the expected 
value of a function-giving utility of wealth ^ Let the utility functions of 
U and Vhc U{ ) and V{ ), respectively Denote by </„( ) and d„( ) the 
densities of their subjective probability distributions over the real num¬ 
bers, to be interpreted as states of nature ^ Assume also that djj) = 0 
if and only if dj^s) = 0 

A payment plan is therefore a function ;»■( ) giving the amount x{s) 
which V IS to pay U when s occurs ^ Supjxise that u{s) is the expected 
wealth of U exclusive of payment from F, given the occurrence of s, and 
that v{s) is similarly defined Then under a payment plan the expected 


utility of U IS 

U[u(s) + x(s)]d,is)ds 

(1) 

and that of V is 

t* 

F[t-(r) - x[f)]d„(s)ds 

(2) 

(All these functions are assumed differentiable ) Accordingly, a Parcto- 
optimal payment plan x{ ) maximizes (1) with (2) held constant 

If neither transactor prefers risk, then a necessary and sufficient 
condition for Pareto optimality is that 

d,{s)V'[v{s) 

- x(f)] = kd„{s)U'luis) x(r)]. 

(3) 


where A: is a positive constant This equation implies that the marginal 
rates of substitution between dollars in different states are the same for 


‘ Of course, oiher arguments of the utility function (including what U transferred to V 
in the exchange preceding payment) are held constant and are suppressed in the 
notation 

^ ConsideraUon of the case in which the states of nature arc vectors is straightforward 
but does not seem to add insight 

^ Although as stated U and V have symmetric positions in the problem, we think of U 
as recipient, especially since in most real cases payment will be positive If, as may 
sometimes be appropriate, it is assumed that payment is nonnegative, the consequent 
modifications (e g , > replaces = in [3]) arc, again, straightforward 

* If, say, U believes some event is possible and V docs not, then there arc no Parcto- 
optimal plans This is because V would then be willing to contract to pay U any amount 
if the event occurred The problem obviously does not arise if cither the condition 
= 0 if and only if d^{s) = 0 or some constraint on borrowing is assumed We chose 
to make the former assumption in the interest of avoiding tedious consideration of cases 
m which constraints are or are not binding 
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U and V The equation follows easily from an argument used by Arrow 
(1971, p 217) on optimal insurance policies or from the calculus of 
variations ’ 

Now differentiate (3) to obtain an equation in jf'(j), 

d'AsW'Ms) - *{x)] + d„(.f)[»'W - - *W] 

= k{di{s)U'[u(s) + xis)] + d,(i)[«'(j) + *'(s)]C7'[u(f) + *(j)]}, 

or, substituting for k and solving for x (f), 

»'{i)[-F'(j)/F'(i)] - u'(r)[-f/'(x)/£/'(j)] 

+ ms)ld^{s)] - [di{s)ld„is)]} 
[-V’is)/V’(s)] + [-U’is)IU‘is)] 

where U'{s) = f/'[«(r) + ^(■r)] and similarly for U'{s), V'is), and V‘(s) 

1 The slope of the payment schedule is therefore determined by the 

i derivatives of wealth exclusive of payment, the levels of absolute risk 
aversion, and the difference m subjective beliefs as expressed by the 
proportional rate of change of the probability density Other con¬ 
siderations, such as bargaining power and market forces, place limits 
on the height of the payment schedule 

The effect of the difference in beliefs is easy to interpret It is to insure 
, that transactor in whose opinion the likelihood of higher s is growing 
most rapidly 

In order to interpret other terms of the equation, assume that nsk- 
■ averse U and V have identical opinions Then the equaUon implies that 
[ if v‘{s) and u'{s) are of opposite sign, x'{s) has the sign of t''(r), offsetting 
, movements in prepayment wealth for both transactors * But if v'{s) and 
u'(s) are of the same sign, x'{s} is opposite in sign to the derivative of 
, prepayment wealth for the transactor with the greater weighted level of 
risk aversion, offsetting movements in his prepayment wealth 

Finally, note two simple facts which follow from the equation (or 
directly from Jensen’s inequality) (i) A payment plan for two risk-averse 
transactors with identical beliefs and constant expected wealth exclusive 
of payment is Pareto optimal if and only if payment is constant (ii) A 
payment plan for a risk-ncutral transactor and a risk averter with identical 
beliefs IS Pareto optimal if and only if it leaves the risk averter with fixed 
'final wealth ^ This second case is approached as the ratio of degrees of 
irisk aversion of the transactors increases IDivide the numerator and 

^ ’ Borch (1960) first proved that an equation similar to (3) charactenzes Pareto-opbinal 

risk sharing 

‘ This does not mean that the final wealth of both transactors is neceswnly smoothed 
(in the sense, say, of a reduction m vanance) alUiough one might expect it to be the 
typical case 

’ Baily (1974) notes essentially this fact. 
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denominator of (4) by — V''{s)(V'{s) and Jet the ratio of degrees of risk 
aversion approach infinity Then x'(r) approaches —u'{s) Similarly, if 
the ratio approaches zero, x'{s) approaches v'(s) 


Two Examples 

A Indexing and Uncertainty over the Rate of Inflation 

If s is the rate of inflation over a period and wealth is interpreted as real 
wealth, then a payment plan gives for any s the real payment x{s), the 
nominal payment is (1 + s)x{s) Consequently, a payment plan x{s) = c, 
a constant, represents a cost-of-living escalator, a plan with A:'(i) > 0 
implies that real payments actuallv increase with inflation, a plan with 
x'[s) < 0, such as a nominally fixed payment, implies that real payments 
do not keep up with inflation 

If It were true that everyone shared the same beliefs about inflation 
and had no source of real income affected by it—that is, u( ) and i>( ) 
constant—then a cost-of-living escalator would be Pareto-optimal (items 
1 , 11 ) Hence, a situation in which all real income and wealth are protected 
against inflation is self-supporting in the sense that any new Pareto- 
optimal payment plan would be a cost-of-hving escalator 

For most transactors, however, opinions over the future course of 
inflation differ and real income exclusive of payment is correlated with 
inflation Therefore the results of the previous section show that a Pareto- 
optimal payment plan is rarely a cost-of-livmg escalator From the 
discussion following (4), it becomes intuitively obvious that under a 
Pareto-optimal plan payments are made as if to compensate for other 
inflation losses or gams For instance, if U's weighted degree of risk 
aversion is sufficiently great compared with F's, then real payment to U 
will rise with inflation if his real income from other sources is negatively 
correlated with inflation and fall if his income is positively correlated 

[The random variables u{ ) and y( ) describing income from other 
sources may depend on x( ) For instance, the portfolio of an individual 
would probably change if his wage income were protected against 
inflation Hours worked might also change We do not consider explicitly 
such effects here*, we are concerned with risk sharing and therefore with 
what the final relationship must be among u( ), ii( ), and x{ ) for Pareto 
optimality ] 

We now comment briefly on Parcto-optimal linkage for two important 
payment plans wage contracts and bonds It seems reasonable to argue 
that for many individuals real disposable income would have fallen 
recently even if their wages had been fully escalated This is because 


* In unpublished notes, Blinder (I975j considers some of these effects in a context 
similar to that of this section 
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average tax rates increase with nominal income and because, on balance, 
real income from asset portfolios—including cash, savings, and equity 
in insurance policies, pension funds, a home, or stocks—has often been 
negatively correlated with inflation If this is expected in the future and 
if firms may be assumed risk neutral (or at least much less risk averse than 
wage earners), then according to a Pareto-optimal escalator clause real 
wages should rise with inflation Of course, a firm would not agree to 
such a clause without getting something in return, wage earners ought 
to be willing to accept a lower expected real salary in order to enjoy 
extra inflation protection 

If such escalators are Pareto optimal, competition should enforce them 
The way this would work is that, for example, a firm which offered a 
fixed nominal wage or even a cost-of-living escalator to an individual 
whose other income was negatively correlated with inflation would have 
to pay a higher expected wage than a firm which offered an optimal 
escalator Similar remarks obviously apply when the Parcto-optimal 
escalator does not involve a greater than cost-of-living increase 

Because wage earners differ, competition should encourage firms to 
offer a choice of escalators Some escalators would have a relatively low 
expected real wage and a high degree of escalation, others a relatively 
high expected real wage and little escalation A wage earner will wish for 
greater escalation the more averse he is to risk, the greater the amount 
of his nonwage income and the more negative its correlation with 
inflation, and the larger the degree to which his expectations of high 
rates of inflation exceed those of the firm (cq [4]) The choice of escalators 
permitted by allowing wage earners to mix according to any desired ratio 
a nominally fixed and some highly escalated contract would likely be 
sufficient as a practical matter 

The case with bonds is similar, except that the predominant demand 
might not be for instruments as highly escalated as in the case of wage 
contracts This claim is based on casual empiricism—that the correlauon 
with inflation of other income and wealth is not as unfavorable lor the 
average bondholder as for the average wage earner In any event, to 
accommodate variable demand it would probably be enough for issuers 
to float only two bonds, one with a nominally fixed yield and one with 
.linkage, for investors could purchase these in any proportion 
, Although tne theoretical arguments of the present section would suggest 
■otherwise, widespread linkage of payments to the price level has not been 

explanation, stressed by Bbnder (1975), is 
^a individuals are not sufficiently more risk averse than firms (tL 
^p anation relies on the existence of transaction costs [bai^aining legal 

' ruffiinffiise r advantageous) While there is obvious 

this explanation and some evidence in its favor-for example, the 
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“capping” of escalators in certain wage contracts—other not necessarily 
competing explanations also bear consideration. One of these has no 
doubt been the episodic nature and mild pace of inflation. Regarding 
wages, another explanation may be that most agreements in the labor 
market do not bind employees, presumably, employees could look for 
work elsewhere if payments under a plan turned out to be low ’ And, in 
the case of bonds, an explanation may be the unfavorable treatment 
under the tax laws of interest payment on indexed corporate debt. 

Nevertheless, with the increased importance and awareness of inflation, 
a tendency toward linkage is to be expected Whether this tendency is 
socially desirable is not clear Our argument for Pareto optimality was 
distinctly microeconomic, concerned with only two transactors It took no 
account of the influence which extensive use of linkage would have on the 
economy as a whole through effects on individual consumption, portfolio 
behavior, and expectations When viewed in this larger context, linkage 
may not be in everyone’s advantage * ® 


B Payment tn Foreign Currency and Uncertainty over the Exchange Rate 


Consider a contract x{ ) for deferred payment between risk-averse or 
risk-neutral parties U and V who transact in different currencies For 
simplicity, assume that both agree over the probability distribution F 
describing the future rate of exchange Let j be the number of umts of 
U's currency purchasable with one unit of F’s currency at the time of 
payment Then, ifx(r) is the payment in F’s currency, sx{s) is the payment 
in t/’s currency Consequentlv, the expected utility of U is 


and that of 1’ is 


I 

I 


U[u{s) -(- sx(s)]dF{s) 


F[ji(r) - x{s)]dF{s) 


(5) 

( 6 ) 


Because U does not receive precisely what V gives up, the condition for 
a Pareto-optimal payment plan is a little different from that of the 
previous section An argument analagous to Arrow’s shows that the 
condition for Pareto optimality becomes 


V[v{s) - x{s)]lsU[u(s] + sx(s)] = k, (7) 


’ One would therefore expect the following two facton to militate against indexed wage 
agreements (a) low cost of changing jobs, {h) inability to negotiate similar contracts for 
a large fraction of employees m an industry 

'“Fischer (1975) has analyzed the effect on portfolio behavior of the opportunity to 
buy index-linked bonds and has constructed an example in which the consequence of 
their introduction is to make everyone woisc off 
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where A IS a positive constant The meaning of the equation is that the 
terms of trade in utility remain constant over exchange rates Differenti¬ 
ation of (7) and solution for x'{s) would yield an equation similar to (4) 
and with very much the same interpretation It is clear from (7) that a 
contract specifying a fixed payment in the currency of either transactor 
IS not in general Pareto optimal Other things equal, a risk-averse U 
should receive less in his own currency when the exchange rate is in his 
favor [By other things equal is meant that u{ ) and i»( ) are constant ] 
If x'(j) > 0, t/’s receipts of sx{s) clearly increase with if /(j) ^ 0, 
equality in (7) cannot be maintained unless sx(s) rises with s This is easy 
to understand, for it says that U receives less in his currency when it is 
costly for V in exchange for more when it is cheap 

It IS assumed above that the transactors themselves share the risk of 
exchange rate fluctuation When the forward rate or the implicit forward 
rate (associated with the spot exchange rate and the interest rates in the 
transactors’ countries) make covering exchange rate risk very expensive, 
such an assumption may provide a good approximation to the truth ‘ * 
Under these circumstances, one guesses that many potential contracts 
are never consummated just because their terms (payment fixed in one 
currency) would not allow adequate risk sharing 

When transactors use forward exchange markets, the common practice 
IS for a contract to specify a fixed payment in, say, F’s currency and for 
U to hedge against exchange rate fluctuation to the extent he desires 
by selling forward in F’s currency It is easy to see that in this case also 
(7) will rarely be satisfied A complete analysis ol Pareto-optimal con¬ 
tracts in the presence of forward exchange markets requires mtuumization 
of (5) over functions x{ ) with (6) constant, where U and F each choose 
optimal forward transactions given *{ ) The analysis, which will not be 
presented here, does not turn out to be interesting, the results amount 
to a complicated mathematical statement of the fact that Pareto-optimal 
contracts would make payment depend on the exchange rate not only 
to exploit the low “cost” of utility for U when s is high but also to offset 
variation of other income with changes in s Forward markets alone are 
; not a sufficiently discriminating device for such shifting of risk 


|Concluding Comment 

In the two examples above, payment plans were beneficial because 
insurance against price changes could not be purchased More generally, 
bf course, opportunity for improving the allocation of nsk when payment 
Is deferred often arises when markets for claims contingent on states of 

“ Here it is assumed that payment is positive 
_ “The effecuve cost of forward transactions is likely to be higher the longer the 
duration of the contract and the larger the magnitude of the transsudion 



i68 


JOURNAL OF POLITICAL ECONOMY 


the world are not complete However, it must be admitted that the scope 
for gams in welfare through use of payment plans is limited (though to a 
different degree) by the same two factors which frequently prevent 
formation of markets for contingent claims, namely, by transaction costs 
and moral hazard 
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An Inquiry into the Economics of 
Race-Track Gambling 


Arthur Gruen 
Tufts Umvmily 


“All horseplayers die broke ” [Damon RunyonJ 

In the face of mounting fiscal pressures state governments are looking 
increasingly to gambling as a source of revenue If the sale of gambling 
IS to provide revenues, however, it is important to understand the demand 
for this good in order to adopt the appropriate pricing mechanism 
Standard economic theory posits a model where the quantity of a good 
consumed is negatively related to the price of the good if we fix tastes, 
income, and the prices of other goods Such a concept is intuitively 
reasonable as well as useful m analyzing much of observed economic 
behavior Does gambling have a price in this s^nse, and do consumers 
, behave in the same rational framework so that this good fits the model’ 
In this paper I will examine the demand for horse-race wagering 
Part 1 will present a model which attempts to systematically explain and 
^predict the behavioi ofconsumers who bet on horses In Part II a demand 
lequation for wagering will be estimated From this the optimum price or 
irate of taxation can be derived so as to maximize the revenue received by 
[both the state and the tra< k 


The most obvious feature of gambling is the involvement of risk In a 
andinark article on individual’s reaction to risk, Friedman and Savage 
1948, pp 279-304) rationalized ostensibly inconsistent behavior (the 
ame individual purchasing an insurance policy and a lottery ticket) 
jy an application of orthodox utility analysis By introducing decision 
beory (Raiflfa 1968) we can extend this analysis to incorporate the 
ircct participation of the bettor in horse-race wagering 
, Let us approach this problem by considering a race with five horses 

'*76, vol 84, no 11 
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TABLE I 

Five-Hokie Race wmi Win Bete 


Horse 

Amount Bet 

(S) 

A 

50,000 

B 

10,000 

C 

20,000 

D 

30,000 

E 

40,000 

Total 

150,000 


and only win betting allowed. Assume bets are made as shown in table 1 
The total amount bet is known as the “handle ” The state and the track 
each receive a percentage commission, or “takeout,” on the handle 
which IS set by law The remainder of the handle is returned to the 
bettors who picked the winning horse If horse A should win and we 
assume a total commission of 10 percent, the winning bettors receive 
$135,000, which represents a profit of $85,000 or a return of $1 70 per 
dollar Since bets are bought in $2 00 units the actual winnings would be 
$3 40 per bet (The posted payoff would be $5 40, which includes the 
$2 00 which IS returned to the bettor ) Each bet will affect the payoff, as 
payoffs are determined by the amount bet on each horse Yet no single 
individual would expect his or her own bet to change the odds, and thus 
each bettor is a price taker in a perfectly competitive market Actually, 
It IS sufficient for the bettor to be confident that each payoff will fall 
within a predictable range in order to make a decision The panmutual 
boards provide this mformation continuously to the bettor until the 
race begins 

The second bit of information required is the probability of each horse 
winmng The posted odds only reflect the collective wisdom of all 
individuals who bet on the race It has no direct relationship to any 
“internal” probability In fact, no such internal mathematical probability 
exists and the wagerers must determine for themselves the “true” odds 

The potential bettor can refuse to bet or bet on one or more of the 
five horses in the race One can obtain the expected monetary value 
(EMV) of each option by multiplying each possible outcome by its 
probability and summing these products over all possible outcomes The 
higher the expected monetary value of a given option the more bets the 
individual would be willing to make This immediately follows from 
marginal utility analysis A relative increase in the expected margmal 
utility per dollar of a given commodity will cause a redirection of expen¬ 
ditures to this commodity In the hmit, if an individual is 100 percent 
sure that a horse will win, all possible resources should be used to make 
bets The crucial point is that bets are an increasing function of EMV 
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iNo assumptions about the nature of an individual’s utibty function or 
insk preference are required Two cases are illustrated in figure 1 * The 
flopes are increasing due to the resource constraint of the individual 
The risk seeker with an increasing marginal utility of mcomc may be 
tiling to bet even with a negative EMV It is also perfectly consistent 
^Tor the risk avoidcr to make a bet given a high enough EMV 

Let us assume that bettor 1 has analyzed the race and believes the 
probability of each horse winning is as shown in table 2 Given the 
probable payoffs with a 10 percent takeout, we can derive this bettor’s 
iMV schedule Let us assume for simplicity that both bettors have a 
lear utility function so that the relationship m figure 2 holds This bettor 
vould choose option 5 which has the greatest value, and bet on horse D. 
Option 4 also has a positive EMV, and thus a bet on horse C would be 
aadc as well 


‘ This IS implied by Rothschild and Sbghtz (1971, pp 66-65). 
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TABLE 2 

EMV Schedule or Bettor 1 


Option 

Bet 

Probability of Winning 
(%) 

Payoff 

($) 

EMV 

1 

No bet 

0 

000 

00 

2 

A 

30 

340 

- 38 

3 

B 

5 

25 00 

- 65 

4 

C 

15 

11 40 

01 

5 

D 

25 

700 

21 

6 

E 

25 

460 

- 35 



Bettor 2, however, has a different ficrception of the race and a different 
EMV schedule (see table 3) The highest expected monetary value is 
option 2, which indicates a bet on horse A. The next most feasible choice 
is option 1, which has a value of zero and represents no further betting 
Let us now assume that the takeout has been increased to 17 percent 
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Option 

Bet 

Frobabili^ of Winning 

Payoff 

(S) 

EMV 

1 

No bet 

0 

000 

,00 

2 

A 

40 

340 

.16 

3 

B 

5 

25 00 

- 65 

4 

C 

10 

11 40 

-,66 

5 

D 

20 

700 

- 20 

6 

E 

25 

460 

- 35 


TABLE 4 

New EMV Schedules 


Payoff with 17% Takeout 


Bet 

($) EMV for Bettor 1 

EMV lor Bettor 2 

No bet 

000 00 

oo 

A 

2 80 - 56 

- 08 

B 

22 80 - 76 

- 76 

C 

10 40 - 14 

- 76 

D 

6 40 10 

- 32 

E 

4 20 - 45 

- 45 


The track now shares $25,500 with the state, andf nly $124,500 is returned 
to the bettors This -educes the return on horse A to $1 49 per dollar 
I which IS rounded down to $1 40, and winnings become $2 80 on each 
I bet instead of $3 40 The 18^ which the bettor loses due to this rounding 
down process is known as “breakage ” Nothing has happened to the 
horses themselves or to the relative payoffs, and thus there is no reason 
for the bettors to alter their perceptions The only change is the amount 
, of the takeout Since all payoffs are now 7 percent less, the relative odds 
; remain the same ^ Table 4 summarizes each bettor’s new EMV' schedules, 
given the same race but with a 17 percent takeout 

^ Thus an increase in the takeout, holding everything else constant, 

I results in bettor 1 betting only on horse D while bettor 2 does not bet at 
jail The total number of bets, therefore, declines with an increase in the 
takeout What is the nature of this takeout? If there were none, the total 
handle would be returned to the bettors, and our problem would reduce 
to mere redistribution of wealth Its existence, however, ensures that 
^bettors in the aggregate leave the track with less than when they came m. 
they thus pay a premium in order to parUcipate. We have cstoblished 
theoretically that an increase in this premium while holding aU other 
.factors fixed will result u a decrease in the number of bets. Thus this 
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premium serves the economic function of the purchase price of a bet 
which, like other commodities, has a downward-sloping demand curve 
In the next section we shall test empirically this hypothesis and attempt 
to draw implications for optimum price policy. 

n 

The data to be used are the annual figures for Aqueduct Race Track and 
Belmont Park in New York City (New York Racing Association Annual 
Report , 1940 - 1969 ) The panmutual system was instituted in 1940, the 
first year explicit statistics were recorded, and our time senes extends to 
1969 A single location was chosen in order to correct as much as possible 
for tastes or customs, which may vary geographically. Furthermore, since 
the population and the volume wagered is so large relative to other 
locales, no single race or event is likely to distort the aggregate data and 
bias the results New York, along with Florida and California, is a racing 
center, which means that the highest purses and the best horses arc 
attracted to these tracks No northeastern track can match New York 
in terms of quality of the product so the betting should not be affected 
by nearby competition The racing year is divided into meets which arc 
held alternately at Aqueduct and Belmont The handle in the winter and 
spring meets can and does differ, therefore the New York Racing 
Association alternates the assignment of the meets from year to year so as 
not to systematically penalize one track By using annual data we avoid 
problems of seasonal variation The jxipulation sample is the area readily 
accessible to the two tracks the five counties of New York City plus 
Nassau and Westchester Counties 

Our basic model postulates that the number of bets per race per capita 
IS a function of the price of a wager plus real income per capita of the 
jxjtential patrons We do not include admission fees because these are 
more properly the nominal cost to the patron of enjoying the facilities 
and the spectacle of the track itself quite apart from the opportunity to 
gamble The determination of the takeout is a political decision which 
the tracks arc not free to alter in response to demand We can also regard 
income per capita as an exogenous variable Since the horse-racing 
industry is such a miniscule fraction of the economy of the New York 
Metropolitan area, changes in the income of this industry would have no 
noticeable effect on the total income of the region Thus our explanatory 
vtiriables are exogenous to the model and independent of each other 

The peripheral costs of racetrack betting such as fees, taxes, required 
attendance, and lack of credit make it the most expensive mode of 
gambling For those individuals who already have chosen this alternative 
it is unlikely that small changes m these penpheral costs will affect the 
bettors We therefore expect the potential substitution effect to be 
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relatively constant over time. Off-track betting (OTB), on the other hand, 
would have a significant effect on on-track gambling. It is for this reason 
that our sample period stops before OTB was instituted. Gimic wagenng 
(e g, picking the first three horses in exact order) has the allure of huge 
payoffs and is designed to promote betting Again our sample period 
stops before such bets were instituted These factors can and should be 
incorporated into a forecasting model (Coate and Ross 1974), but this is 
beyond our present scope The daily double has always been available 
and thus is a constant factor over the sample period 

In analysis of stock-market behavior mention inevitably is made of 
waves of optimism or piessimism which affect stock prices above and 
beyond the strictly economic factors such as profits or price-carmngs 
ratios In gambling it is just as reasonable to assume that people will bet 
more if they are optimistic about the future and less if they are pessimistic 
Part of this will be picked up by an increase in real per capita income, but 
bettors may be m a more expansive mood than can be explained by 
income alone In a depression, of course, expectations of hardship may 
curtail spending by a greater amount than merely the effect of lowered 
income There are several ways this phenomenon can be measured One 
way IS to consider national unemployment rates Economists are generally 
'agreed that unemployment rates lower than 4 percent (at least during 
this sample period) represent a full-employment economy Use of a 
dummy variable during years of economic boom will pick up this effect 
pf optimism while avoiding correlation with income At the same time, 
it IS reasonable to use a dummy variable from 1940-1944 to account for 
he depressing effect on consumption of rationing and wartime sacrifice 
kt no other time during the sample period did the national unemployment 
ate climb much over 7 percent 
, Our variables arc as follows 


BETS = Number of bets per race per capita or “quantity ” ^ 

P — Percentage of the handle which is not returned to the bettors 
This consists of the state commission and the share to the 
track plus the breakage In our analysis it is the “price” of 
the bet 

Y — income per capita deflated by the Consumer Price Index in 
1967 dollars 


PES 1, 1940-44, 0, otherwise, depression or pessimism factor 

OP = 1 when the unemployment rate is less than 4 percent, 0, 
otherwise, optimism or prosperity factor 


“asured m real «nm and'Tmt 
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A linear demand curve in all the variables yielded the best fit * 

BETS 

= 0226 - 1475X10~'‘P+ 4118X10"*Y- 0087 PES + 00190P 
/-statistic 

(5 18) (4 93) (7 81) (5 70) (3 49) 

elasticity (1 57) (98) 

(corrected) = 814 F(4,25) = 32 66 D-W = 1 6 

At the 2 5 percent significance level we can accept the hypothesis that 
there is no autocori elation The income effect is positive, which indicates 
that bets are a normal good while the income elasticity of demand is 
higher than many might expect The optimism and pessimism variables 
have the correct sign, and though it may be possible to find cleverer 
proxies these seem to serve adequately enough The crux of our theory 
centers on the price variable which is found to be negative and significant 
The theory predicted just this result, and it supports the view that a bet 
IS like any other consumption good We find further that not only do 
bettors react to price, but at the rates set by the state the demand is 
actualK price elastic' Since there are so many substitute forms of enter¬ 
tainment even aside fiom gambling, on reflection this should not be too 
surprising a result If this is the case, therefore, a decrease m the takeout 
should result in an increase in revenue Since price is the percentage of 
each bet retained by the track and the state, maximizing the product 
of this peicentage and the number of bets will maximize the total amount 
which both rcceis'e Since we have a downward-sloping demand curve 
with respect to price, the price at which the elasticity of demand is unity 
will yield the maximum revenue For example, let us consider 1969, the 
final sear in our sample V\c fix the curve lor 1969 by' setting 

Y = Y(1969) = 4722 22 
PES = PES{1969) = 0 
OP = OP(1969) = 1 

Thus BETS = 0439 — 1475X10'^ P which becomes P = 2976 — 
67796 BE'I S The point of unitary elasticity is at the midpioint of the 
demand curve so the optimum price is 14 88 percent The actual takeout 
in 1969 was 17 16 percent By enacting no other policy changes other 


* Since betting increases faster than income, was tried for this equation The results 
were similar, but this form was rejected because ihe degree of significance of the income 
sariable was substantially reduced and the fit was not as good Various other linear and 
nonlinear forms were also tried The equation reported, however, proved to have the best 
fit and was most useful in determining an optimum pnee 
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than merely lowering the takeout by 2.28 percent the state and the track 
could have increased their net proceeds by $11,136,000 

Race-track wagering illustrates the fallacy of composition While it is 
true that bettors m the aggregate are destined to lose, this does not imply 
that for any single bettor the act of gambling entails a probabilistic loss 
and IS irrational In fact we have demonstrated that those individuals 
who decide to go to the track and bet do indeed behave m a rational, 
price-elastic, utihty-maximizing fashion The failure of the state to 
realize this fact is costing it needed revenue Each year the state can 
determine the takeout percentage for the coming year m order to 
maximize its potential revenue All that is required are estimates of 
income Thus we have devised a model where through mere price 
manipulation—virtually a costless procedure—we have a method for en¬ 
riching both the profits of track owners, which should guarantee their 
cooperation, and the treasuries of state governments 
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Currency Denominations and the Price Level 

Chau-nan Chen 

Acadetma Smua and NaUonal Tatwan Unviarnfy 


The need for issuing bigger denomination notes arises every 5 or 10 years 
in an economy like Taiwan where nominal income has been growing 
tremendously rapidly and where the public’s currency holdings loom 
large in its total stock of money ' The authorities, however, have been 
i reluctant to meet the needs of trade on the ground that the issuance of 
ng-dcnomination notes is likely to be interpreted by the public as a sign 
)f the overissue of currencies, and the mere expectation of inflation may 
Irive the price level up even though the total stock of money is held 
jonstant On the other hand, there was recently a shortage of l*yuan 
)ms in Taiwan The authorities, in this case, responded very promptly 
id effectively in meeting the difficulty of coin shortages by issuing 1-yuan 
)tes first and then by managing to provide an adequate amount of new 
Bins ^ 

Introduction of bigger denomination notes to relieve the public from 
be inconvenience of a higher price and unchanged maximum denom- 
|ation implies a shift to a better denomination mix of money (currency) 
the same token, mitigating the difficulty of com shortages and pro- 
ding an adequate amount of small-denomination currencies also imply 
improvement m the currency size mixture The purpose of this note 
|to analyze the macroeconomic effects of shifts in currency size mixture 


4 am much indebted to Robert Barro for his most inspiring and helpful comments, 
■tonal as well as substantive I would also like to thank Harry G Johnson, Rudiger 
TTnbusch, and the referees for their stimulating suggestions Research support from the 
bonal Science Council of the Republic of China is also gratefully acknowledged 
Need for bigger notes, in an effective sense, seems to depend not so much on real 
Wth as on price inflation With real growth, the need for bigger notes arises only if it 
lives a larger unit value of transactions liiroughout this paper 1 shall assume that 
1 growth IS “neutral " 

The premium is not necessarily paid for the metallic content Fisher (1926) reported 
moiners of retail stores often found it impossible to make their purchsises b^use they 
.TO the small denominations necessary, and because the storekeeper lacked the same 
■U denominations, and could not make change To meet the difficulty, 30,000,000 of 

hem ”(p'u4^'*'^’ dealer* paid a premium 

hK S’"! W. no 1] 

fib by The Univenily of Chicago All „ghli reKrved 
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Specifically it will be shown that an improvement in the size mixture of 
money would be contractionary on the price level 

n 

An improvement in the size mixture of money would have three types 
of effects on the real demand for money First, the real demand for 
money would be reduced since fewer real units of the more efficient 
money are now requued to handle a given job-—that is, a given real flow 
of monetary expenditure This effect is the efficiency aspect of an improved 
size mixture of money Second, the demand for real cash balances would 
be increased because the more optimal size mixture implies that money 
has become more attractive Substitution of money for barter exchange, 
and of money holdings for other asset holdings, including commodity 
inventories, would occur These shifts, which involve an increase in the 
real balance to income ratio, can lie called the “substitution effect ” 
Finallv, the real flow of income would be increased to the extent that the 
increased use and cfficiencv of money implies a saving of labor and other 
real rcsourc es On this account there would be a positive income effect 
on the demand for money 

Under today’s fractional reserve banking system there is an additional 
contractionarv force at woik A better denomination mix of currency 
will lead to a shift out of deposits into currency— that is, a rise in the 
currency to deposits ratio, which, in turn, will reduce the money multi¬ 
plier With an unchanged nominal quantity of high-powered money, the 
nominal stock of money will decline, rendering an additional contraction¬ 
ary force on the price level This can be called the “tight money effect ’’ 
Thus for an improvement in the currency denomination mix to be 
inflationary, the direct efliciencs effect has to be so strong that it out¬ 
weighs the combined foices of ihc substitution cfleri, the income effect, 
and the tight money effect 

Historical evidence, however, seems tci suggest that the efficiency effect 
IS not even strong enough to offset the substitution effect Although the 
“efficiency” of money has almost surely increased over the past decades, 
the income velocity of money has declined secularly in most of the 
countries This seems to suggest that the substitution effect ol an increased 
efficiency of money has outweighed the direct efficiency effect ^ 

HI 

That the substitution effect is more likely than not to outweigh the 
efficiency effect can also be analyzed within the framework of general 
equilibrium (Tobin 1969, 1970) 

^ This IS a supplementary explanation of Milton Friedman’s well-known thesis that 
money is a luxury good 
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To abstract from the income and tight money effects, assume that real 
output IS fixed and that the total stock of money consists solely of hand-to- 
hand currencies of different denominations Let S and S* stand for the 
demand for and the supply of small-dcnomination currency Let B and B* 
stand for the demand for and the supply of big-denommation currency 
Finally, let P denote the nominal price level in terms of big-dcnommation 
notes, initially unity, and r the premium (greater or less than one) on the 
small-denomination notes When the actual proportion of supplies 
between the two denominations deviates from the desired proportion, the 
exchange rate between them would tend to vary But technical and 
institutional constraints pi event the currency exchange rate from adjusting 
adequately * This inadequate or imperfect adjustment of the exchange 
rate is the premium Thus, r represents not only the exchange rate (the 
price of small notes in terms of big notes) but also the additional user cost 
of the small-denomination currency Accordingly, Pfr is the nominal 
price level in terms of small-denomination currency and 6' = aP + 
(1 — a)Plr with a = B*I(S* -I- B*) is the general price level A highly 
simplified portfolio-balance model can be expressed by the following 
two equations 


S{r) P == rS*, 

(1) 

B{r) P = B* 

(2) 


The nominal cash balances in both equations arc expressed in terms of 
ibig-denomination currency * 

Starting with an optimal size mixture of currency denominations— 
that IS, S* and B* set in proper proportion so that r = 1—consider 
what would happen if there occurs a shortage of small-denomination 
loins * Coin shortages with an unchanged quantity of money (currency) 
itock mean that 5* decreases while B* increases by the same amount 
[dA), that is, 

-dS* = dB* = dA (3) 


Partly Uue to limticd divisibility of currency denominations and partly due to 
Mutory restraints 

’ The nominal cash balances in the two equations can also be expressed in terms of 
aall-denomination currency 

S(r) PjT = S*, 

B(r) PjT = B*lr, 

It they arc cssenually no different from (1) and (2) in the text 
In a nonshortage situation, the total money supply, S* + is set, but the 
ojxirtion of supplies between ,ar two denommalioris is allowed to vary to gel r = 1 
U1 these values 5* and B' Then f < 5' (for the same + B*) implies r > 1 For 

pea consistency, the premium has to be defined as the additional user cost of the 
nomination m shortage 
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Differentiating (1) and (2) totally, using the relationship (3) and solving, 
we have 

drjdA = (5* + B*)IA, (4) 

dPjdA = {S* - S, - (5) 

d{Plr)jdA = -(5, + B, + B*)/A, (6) 

dGIdA = -(S,-i- B,)l&, (7) 

where A = B^* — SJi* + S*B* 

If It IS assumed that small currency, big currency, and all the other 
assets excluded from the two balance equations arc gross substitutes, 
that IS, 

<0, B, > 0, (8) 

It then follows from the theorem on gioss substitutes that 

-i; > B, (9) 

With this amount of information on the signs and relative magnitudes 
of 5, and B„ we know immediately fiotn (4) that 

dr/dA >0 (10) 

Coin shortages cause the coins to cariv a premium 
It IS also apparent from (5) that 

dP/dA >0 (11) 

The increase m the average user cost per unit of money reduces the 
demand for cash balances while the “appreciation” of the small- 
denomination currency increases the quantity of money in terms of 
big-dcnomination currency Accordingly, there is an increase in the 
nominal price level in terms of big-denomination currency 

The effect on the price level in terms of small-denomination currency 
IS uncertain While the increase in the average user cost per unit of money 
does reduce the demand for cash balances, the “depreciation” of the 
big-denomination currency reduces the quantity of money in terms of 
small-denoinination currenev From (6) we know that 

d{Pjr)ldA ^ 0, according as —(5, + B,) ^ B* (12) 

The general price level, however, would surely go up The quantity of 
money deflated by the general price level is not affected by the change 
in the currency exchange rate, but the demand for cash balances is 
reduced because of the increase m the average user cost per unit of money 
The excess supply of money has to be eliminated by an increase in the 
general price level 


dGIdA > 0 


(13) 
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When a parbcular denomination is completely (rather than partially) 
deleted, the above analysis can remain valid simply by assigmng r as a 
“shadow” premium on the denomination deleted We can therefore 
conclude that a shortage or an absence of a desirable denomination would 
be inflationary ’ Put another way, either issuance of bigger denomination 
notes to accord the needs of trade or provision of an adequate amount of 
small-denomination currency would be contractionary on the price level 
The key to the above result is the assumption that small currency, big 
currency and all the other assets arc gross substitutes The assumption is 
quite natural and reasonable, for, without this assumption one may 
obtain the perverse result that the denomination in shortage would carry 
a negative premium, as can be easily seen from (4) * It is now clear that 
the dominance of the substitution effect over the direct efficiency effect 
implies nothing more than the gross substitutes assumption 
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dOldA = 0 

if S, = B, = 0, that IS, if the currency exchange rate is perfectly flexible as in the case 
of flexible bimetallic exchange rales in China (Chen 1975} Flexible domestic exchange 
rates ensure the stability of the average purchasing power of money 

• Elsewhere I (Chen 1972) have demonstrated that the gross substitutes assumption 
IS a sufficient condition for Gresham’s Law to be operauve 
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Economic Regulation of Domestic Air Transport Theory and Poluy By Georoe W 
Douglas and James C Miixer III Studies in the Regulation of Economic 
Activity, no 10 

Washington, D C Brookings Institution, 1974 Pp xii + 211 $8 95 

During 1970 and 1971 the authors of this book played active roles as expert 
witnesses in presenting the U S Department of Transportation’s (DOT) case 
before the Civil Aeronautics Board (CAB) in the Domestic Passenger Fare 
Investigation (DPFI) This book presents the research findings and analyses 
supporting their recommendations to the DOT in this important proceeding 
Many of these recommendations were adopted by the DOF, and several of them 
were later accepted by the Board in its various decisions in the DPFI 

Fundamental to their policy recommendations is the authors' belief that 
“economic efficiency is the overriding policy objective” (p 62) and that the 
public interest should be redefined to mean economic efficiency (p 182) In order 
to evaluate the effects of CAB regulation relative to economic efficiency they 
propose a model of industry behavior under economic regulation in which they 
“adopt the pragmatic view that CAB regulatory policy is or can be exogenous” 
(p 39) and that the industry moves toward a market equilibrium in response to 
the CAB’s changing policies and constraints Since the CAB has full power over 
price and entry/exit, but only limited power over service quality, this model 
implies that the regulated airlines adjust to changes in CAB pricing policies by 
modifying the quality and quantity of their services 
Recognising that the CAB has failed to allocate traffic and revenues wherever 
two or more rival airlines serve a city pair, Douglas and Miller’s model of the 
regulated airline industry states “that in any given market, and thus in the 
' aggregate, whenever actual load factor rises above the break-even level and excess 
profits are earned, carriers will commence scheduling additional capacity This 
has the effect of driving the actual load factor down toward break-even” (and 
I vice versa) “Thus, over time, actual market load factors will tend to gravitate 
I toward break-even levels, where the break-even load is determined by two 
I parameters (a) the structure and level of airline capacity costs and traffic costs, 

- and (b) the fares approved and enforced by the Board Thus, in market cquilib- 
I rium the level of per-passenger cost is determined by the fare chosen If the fare 
IS lowered or raised, then per-passenger costs will fall or rise correspondingly” 
(P 40) 

Douglas and Miller specify three aspects of economic cffiacncy in the airlines 
first, technical efficiency concerns “achieving any rate of output of a given 
quality at lowest total cost” (pp 72, 63). Second, allocative efficiency "refers to 
the optimal production (and consumption) rates of output of given quality, 
given the techmcally feasible lowest-cost relationship and given consumer demand 
for the outputs” (pp 73, 63) Third, service-quality efficiency, which requires 
the value of increased service quality to just equal the marginal cost of this 
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increment in service quality so that an optimal price-quality combination obtains 
with price being cost based (pp 74, M). They believe that traditional profit 
motives among the regulated airlmes result in a reasonable degree of technical 
efficiency, and the airlines’ ability to adjust service quality in response to regpilated 
prices results in a fair approximation of allocative efficiency Thus, they assert 
that the major responsibilily of the Board m promoting efficiency “is in the choice 
of the optimal price-quality combinations’* (p 72) 

Building on these theoretical and normative foundations, Douglas and Miller 
devote chapters 6 and 7 to demonstrating that the existing pncc-quality com¬ 
binations resulting from CAB regulation have been inefficient due to the Board’s 
failure to adopt the optimal price-qualitv level and structure, peak load pricing, 
and congestion pricing while imposing restrictions on charter operations and 
promoting cross-subsidization and discount (discriminatory) fares Furthermore, 
they find the CAB inefficient in essentially prohibiting the entry of new airlines 
into scheduled passenger service, limiting entry into individual city pairs, restrain¬ 
ing exit, authorizing mergers that seldom result in significant cost savings, and 
alloMing various collusive agreements among the airlines, such as capacity- 
limitation agreements Unfortunately, while Douglas and Miller are able to use 
their model to demonstrate that present price-quality combinations are inefficient, 
they fail to use it to provide examples of optimal combinations for even a few 
actual citv pairs (pp 87-92) 

The bnef discussion in chapter 8 of the DOT’S and the authors’ roles in the 
DPFI emphasizes their success in having the Board recognize how it affects 
service qualitv when authorizing fare levels and structures From this the Board 
came to understand the importance of incorporating a passenger load factor 
standard as part of its faie decisions Also, the authors believe the CAB now 
correctiv places more emphasis on costs of service in establishing fares and has 
moved to reduce the use of discount fares, a form of inefficient value-of-service 
rate making At the same time, however, the Board rejected the DOT’s recom¬ 
mendation that airlines be allowed to set fares anywhere from 15 percent below 
to 15 percent above those calculated from a Board-approved fare formula 

Finallv, in their last chapter Douglas and Miller estimate that in 1969 the 
deadweight welfare loss from trunk carrier operations due to the nonoptimal 
price-quality level and structure associated with CAB-approved fares was between 
$248 million and $356 million, or 3 8-5 5 percent of the trunk carriers’ $6,514 
million in domestic revenues for that year (p 172) Thev also make a senes of 
policy recommendations regarding actions the Board should or should not take 
to increase efficiency under existing legislation, they recommend regulatory 
reforms requiring legislative action, and they suggest deregulation be considered 
(pp 179-83) 

Douglas and Miller adopt an extreme position when they define the public 
interest as economic efficiency This is compounded by their intentionally exclud¬ 
ing public goods and externalities (such as national defense and pollution) from 
their analysis (pp 61-62) Even if Congress should accept efficiency as the over¬ 
riding public policy objective, it seems doubtful that it would also adopt such a 
narrow definition of the concept 

Given the authors’ definition of economic efficiency, it is necessary to realize 
that they advocate achieving this efficiency through the use of a nondiscriminatory 
single price for each class of service in each city pair (p 65} In addition, they take 
the extreme position that price must equal long-run marginal and average cosu 
for efficiency to be achieved in equihbnum rather than allowing price to be equal 
to long-run marginal cost but greater than long-run average cost (p, 63) In 
essence, they advocate airline performance comparable with that achieved in a 
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purely competitive market structure, but with price set by a regulatory com¬ 
mission (or by the market if the optimal price diverges from the Board’s fare 
formula by no more than plus or minus 15 percent). 

Since the authors 6nd no significant economies of scale in trunk earner 
operations, they are able to conclude that the long-run marginal and average 
I cost curves are horizontal and congruent so that both can be equal to a single 
[ price This finding, however, is based on output being measured in terms of 
available ton-miles or available seat-miles At the same time the authors recognize 
that average costs per revenue passenger-mile (another measure of output) 
decrease with increases m load factor (pp 13-14), and thus are not necessarily 
constant over relevant ranges of output Therefore, different slopes for average 
and marginal cost curves are obtained for different output measures, and these 
differences carry over into the efficiency criterion The authors seek to solve this 
problem by assuming an optimal service-quality load factor for fare-makmg 
purposes, thereby making average and marginal costs equal regardless of how 
■ output IS measured Unfortunately, it is not clear that a single optimal load factor 
actually exists since other aspects of service quality can counteract the effects of 
different load factors For example, at some price passengers may be mdiffcrent 
between flying on a new-type aircraft at a high load factor and on an older plane 
at a lower load factor If there is no single optimal load factor and if revenue 
passenger-miles provide the economically relevant measure of airline output, 
as appears to be the case,* long-run average costs need not equal long-run 
marginal costs for most output levels In such situations they cannot both be equal 
to a single price which, of course, means that in relevant situations the fundamental 
requirement of the Douglas/Milier efficiency criterion cannot be met All of which 
argues against the nondiscrimmatory single-price requirement 

Implicit in this book is the position that economic efficiency should be achieved 
in ways that benefit consumers The authors fail to mention that economic 
efficiency can also be increased from present levels by the CAB promoting a 
perfect cartel with the full pooling of revenues and profits, with some optimal 
quality of service being produced by the lowest-cost earners and with passengers 
being offered a combination of second- and third-degree discriminatory pnccs 
designed to capture their consumer surplus. The CAB-rcgulated airlines have 
long been moving in this direction Fhcir adoption of capacity agreements has 
improved productive efficiency within the cartel, and the CAB fare formula 
implemented in 1969 (with its fixed terminal cnarge and decreasmg rates per 
mile for sequential mileage blocks) is an obvious example of second-degree price 
discrimination from which discounts are given through promotional fares (family 
plan, excursion, student, no fnll, etc) One can understand why the authors 
might not desire this solution to the efficiency problem, but given t/utr chosen 
criterion it warrants analysis ^ Actually, what the authors propose is economic 
efficiency and consumer benefit Many would agree with such a compound policy 
objective, but one could well expect the airlines, their employees and stockholders, 
the aircraft manufacturers and other suppliers to prefer economic efficiency and 

' An analogy in the education industry (o the airlines' using available seat-miles as a 
relevant measure of output would be for a professor to claim to be more productive 
because he lectured in a 300-seat hsUI rather than a 75-ieat room, even though there were 
only 50 students present in each case Univeruties have long favored using student 
coniact-hours (rather Uuui seat cotstsw:l-hours) as a rough measure of teswhmg produc¬ 
tivity, but the airline industry hsu yet to come to a similar conclusion. 

The authors are aware of this altemaUve solution 10 the efficiency objective (see 
Ellas and Miller 1971) 
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productr benefit The normative arguments stemming from this difierence in 
opinion are obvious and are not resolved by being ignored 

Underlymg the authors' contention that airline prices should be based on costs 
is the assumption that demand for airline services will continue its secular growth 
There is some tentative evidence that changes are occurring in the airlines’ growth 
rate, and one can conceive of secular stagnation and eventual decline in demand 
It IS not clear that cost-based fares (as defined by the authors) will be viable m 
such a situation, let alone efficient, yet this possibility is not considered in the 
book. Overall, the failure to include demand factors in price determination is a 
weakness in the analysis 

Another problem with Douglas and Miller’s cost-based fares is that they 
propose their being derived from the costs of the existing regulated airlines, 
thereby implicitly including regulatorv costs in these fares Evidence from the 
relatively unregulated California intrastate carriers indicates the costs of regulation 
are substantial with output per cmplo>ce of regulated airlines being about half 
that of unregulated earners (see Jordan 1970, pp 210-20) Furthermore, the 
closure of entry by CAB regulation probably allows labor unions to increase wage 
levels Douglas and Miller recognize this latter possibility (p 141) but fail to 
incorporate it into their analysis Had they excluded the costs of regulation from 
their calculations they might not have concluded that current technical and 
allocative inefficiencies are small and that the inefficiency from nonoplimal 
pricc-tjuaJity combinations is as little as 3 8-5 5 percent 

Douglas and Miller have made an important contribution to a theory regarding 
the effects of CAB regulation bv postulating an inverse relationship between 
fares and average load factor in a convincing manner Based on this model, 
however, thev assert that “(e)ssentially, then, the airlines should be relativelv 
indifferent to price, at least within the feasible range” (p. 170) This may be so, 
but they fail to recognize that the regulated airlines obviously are not indifferent 
to price Indeed, the industry’s history has been one of rcpieated lequesis for fare 
trureates This implies that there is more to the problem than is encompassed by 
the model For example, the regulated airlines may noi consider prices to be 
determined cxogcnouslv bv the C.\B and thereby bevond their own control ^ 
\nother contribution of this book is as demonstration tliat forcefully presented 
economic analysis can influence policy decisions within the executive branch of the 
federal government and in regulatory commissions 1 he intervention of various 
executive departments in regulatory proceedings is an important development, 
and this book provides a beginning to understanding what may be achieved by 
such activities 

W'liUAM A Jordan 

y'ori Uniierstlji, Toronto 
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A Model of Macroectmomtc Actiintjl Vol. 1- The Theoretical Model. By Ray C. Fair, 
Cambndge, Mas*.’ Bahnger Publishing Co. 1974. Pp. xvi + 226. $13.50. 

One may choose from among at least three possible approaches for constructing 
[ and describing a macroeconomic model The first is to build a very small model 
that gives the reader a good intuitive grasp of the essentials This approach lends 
Itself to analytical analysis but has the disadvantage of giving a very rough picture 
of the way the world operates. A second approach is to build a very elaborate 
I econometric model Such a model adds realum by incorporating a large number 
of the sectors of the real world and many of the complex interactions among these 
sectors On the other hand, an intuitive grasp of the inner workings of a model 
' so complex is very difficult to acquire. One can, however, employ an intermediate 
approach by building a model complex enough to incorporate the most important 
sectors of the economy, yet small enough to be able to determine how changes in 
^ the endogenous variables (that occur as a result of a change in one or more of the 
[ exogenous variables) are based on the assumptions underlying the specification 
used 

The author of this book uses the third approach His aim is to construct a model 
that IS based on microeconomic foundations, that is sufficiently general to include 
the most important behavioral sectors of the economy, and that does not require 
the behavioral units to have perfect foresight Unfortunately, the resulting model 
IS too complex to be analyzed by standard analytical methods. The author must, 
therefore, resort to writing a computer algorithm to simulate the model I must 
sav that, after reading the book, I am again impressed with Ray Fair’s ability to 
work with and simplify complex models, although, as will be indicated below, I 
do not feel that he exploited his model to the utmost 
This book has eight chapters and an appendix The first, a general introduction, 
indicates the author’s purpose in building the model, outlines it, and discusses 
the methodology This is an excellent chapter and well worth reading even if 
one does not intend to work through the equations and tables of results further on 
The author traces the relationship between his model and the work of others and 
then provides a very fine summary of the model, quoted below The model con¬ 
sists of five basic sectors banks, firms, households, a bond dealer, and the govern¬ 
ment In fair’s words 

At the beginning of each period each bank, firm, and household, 
knowing last period’s values, receiving in some cases information from 
others regarding certain current-period values, and forming expectations 
of future values, solves an optimal control problem The model is 
recursive in the sense that information flows in one direction from the 
bond dealer, to banks, to firms, to households Banks, for example, are 
not given an opportunity to change their decisions for the current period 
once firms and households have made theirs After all decisions have 
been made at the beginning of the period, transactions take place 
throughout the rest of the fjeriod [P 4] 

A discussion of methodology dominates the remainder of the chapter. Not only 
does Fair give an overview of how the model is solved, but he also discusses the 
sources of inaccuracy in the study. One of these is the conversion of the stochastic 
control problems into deterministic control problems through an operation that 
Replaces the stochastic variables by their expected values The author notes that 

t ithis procedure is completely ac curate only when the model is Imeor, his model is 
lot. Another source of maccuracy is that the algorithm does not guarantee that the 
rue optimum will be found These types of examples make the book a very valu- 
ible source for those wishing to learn some lessons about model building. 
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Two versions of the model sre presented. In the first, the “noncondensed” 
version, Fair postulates two households, one a creditor and one a debtor, and 
two identical banlts and firms He specifies more than one firm and one bank in 
order to demonstrate how an individual bank’s or firm’s behavior is affected 
by Its assumptions about the future behavior of its competitors This version is 
solved by determining the solution of the optimal control problem for each be¬ 
havioral unit and then computing the transactions that take place between them. 
The other, the “condensed” version, aggregates the banks and firms to yield 
a bank sector and a firm sector The behavior of the banks, households, and firms 
m this version is approximated by simple equations and algorithms In chapters 
2-5, which treat the behavior of the various individual sectors, the “noncondensed” 
model IS presented first, with the “condensed” version briefly summarized in the 
final portion of these ciiapters 

Banks are the subject of the second chapter These financial intermediaries 
are assumed to receive savings and demand deposits from and lend money to 
households and firms, and to buy government bills and bonds The variables 
each controls are its own loan rate, the quantity of bills and bonds to purchase, 
and the maximum amount to be made available for loans during the period. 
Once these decisions are made, they are presumed to be irreversible for the period 
in question. Fmally, a bank anticipates a rise in the number of its customers when 
it lowers Its loan rate relative to the expected rates of other banks, even though 
other banks are presumed to follow suit 

The representative firm, discussed in chapter 3, “borrows money from banks, 
hires labor from households, buys goods for investment purposes from other firms, 
produces goods and sells goods to households and the government The seven 
main decision variables of a firm are its price, its production, its investment, its 
wage rate, the amount of money to borrow from the banks, the maximum number 
of hours that it will pay for, and the maximum number of goods that it will sell” 
(p 39, symbols omitted) The technology is assumed to be putty-clay As was 
true for banks, when the firm changes one of its prices (either output price or 
wage rate), it is assumed that other firms will follow Us lead, thereby preventing 
It from either capturing or losing an ever-greatcr share of the market 

Chapter 4 is devoted to the household sector Each household “receives wage 
income from firms and the government, purchases goods from firms and pays 
taxes to the government All goods that are purchased in a period arc consumed 
in that period” (p 75, symbols omitted) At the start of each period, information 
IS received regarding the interest rate on savings deposits, stock prices, the loan 
rate, the maximum line of credit, cost and (maximum) availability of goods and 
services, the wage rate, and the maximum recompcnsabic work hours The house¬ 
hold’s two mam control variables arc, then, the number of hours of work to 
provide and the amount to consume 

The remaining two sectors, the government and the bond dealer, are considered 
in the fifth chapter “llie government collects taxes from banks, frc*n firms, 
from households, and from the bond deafer It hires labor from households, buys 
goods from firms, and issues bills and bonds and pays interest on bills and bonds” 
(p 97, symbols omitted) Ilic bond dealer, who is assumed to represent the govern¬ 
ment bill and bond market and the stock market, decides on the bond rate, the 
bill rate, and the stock price. Ilie interest received on bill and bond holdings and 
capital gains and losses on bond holdings constitutes the profits of the bond dealer 
The after-tax income is paid to the household 

In chapter 6 the complete set of equations for the “condensed” model is pre- 
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sented, the equations for the “noneondcnsed” version arc found tn the appendix. 
The author points out the links between the financial variables and the real 
variables and takes care to account for all of the flow-of-funds relationships 
among the behavioral umts by transposing the model in terms of the flow-of-funds 
accounts As a further test he wntes the model m the form of the national income 
accounts The mam part of this chapter (and of the appendix), however, is devoted 
to a sctlts of computer runs that determine how the economy responds when the 

[ values of one or two government parameters are changed temporarily for one 
period The base run is one in which none of the variables changes from period 
1 to period 

i Whereas chapter 6 and the appendix arc devoted to determining some of the 
dynamic properties of the model, chapter 7 examines a static-cquilibrium version 
of the model and compares the results obtained in the latter with those obtained 
from the extended IS-LM model Chapter 8 rcitcreates some of the conclusions, 
suggests possible extensions, and discusses some of the empirical implicauons of 
I the theoretical model 

I find chapters 1- 5 and the conclusion, chapter 8, excellent Although, as with 
any other m^el, one could disagree with a number of the underlying assumptions. 
Fair, to his credit, takes pains to point out where alternative assumptions could 
have been made and cautions that his results are dependent upon the particular 
set used He indicates, for example, that the order of information flows and 
transactions is somewhat arbitrary and adds that a change of order may lead to 
some dtfferences tn the results 

My reactions to chapters 6 and 7 and the appendix are mixed Many good points 
are made m these latter sections, a method for verifying the proper programming 
of the model and the setttng up of the flow-of-funds and national income accounts 
are two examples I wish, however, that the author had exploited his model more 
fully The experiments on the dynamic model (in chap 6 and the appendix) 
involving making temporary changes in the exogenous government policy tools 
one or two at a time and then observing the impact on the economy Although 
the author is perhaps correct in implying that a government in many situations 
may actually be responsible for pushing the economy away from a full-employ¬ 
ment equilibrium, it is not clear whether these experiments provide much insight 
about what the government should do in disequilibrium situations More insight 
could perhaps have been gained had the author run some simulations from a 
situation of disequilibrium Fhis point is especially relevant when one considers 
that the model is unstable, this instability makes appropriate government action 
extremely important Moreover, as a consequence of the nature of the computer 
runs, many of the results of the simulations arc similar to those found in Barro 
and Grossman (1971), although Fair’s model is more complete 
Another point worthy of note is found in chapter 7, where the author compares 
his static-equilibrium version with the extended IS-LM model His static-equihb- 
rium model is a full-employment one, and, therefore, any changes made in exo- 
[cnous policy tools move the economy to another full-employment equihbnum. 
The IS-LM model, despite many imperfections, at lewt makes an attempt to 
insider unemployment situations 

Mv general impression is that the book is an excellent guide for those wishing 
o learn about macro model building, even though such readers would probably 
(refer to find the contents of chapters 6 and the appendix switched, t^t ts, to 
iiid the “noncondensed" version in chapter 6 and the "condensed" version in 
he appendix Those who would like to learn about the effectivenest of pohey 
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tools in disequilibrium situations may find the book less attractive But, ail 
reservations aside, I do admire Fair’s ability to make such a complex model so 
very understandable 

Uri M Possen 


Cornell Umveraty 
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An Economic Theory of Learning By RicH'tRD B McKenzie and Robert J Staap 
Blacksburg \ irginia Polv-Tech Institute, University Publications, 1974 Pp 105 
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Elconomic analvscs of the effects of education on personal income and, to some 
extent, on the individual’s consumption have not been scarce in recent years 
The tide and introduction of the McKenzie and Staaf monograph tantalize the 
reader, suggesting that their study goes beyond the effects of education bv examin¬ 
ing choices on the types of learning that take place within the educational institu¬ 
tion The> suggest that they will answer important and interesting questions, 
such as, “W'hat are the impacts of different student aptitudes and initial endow¬ 
ments of knowledge on student achievement levels and curricular choice’” and 
"Why IS It that four out often students switch bioadly defined curricula from their 
Ireshman to senior vear’” Unfortunately, these promises arc more easily made 
than kept, and the reader finds himself increasingly disappointed as he plods 
through the text 

The first substantive chapter begins by setting out a framework in which the 
student chooses between various loosely defined fields of study according to the 
wav m which they enter his particular utility function The authors go through 
the standard Lagrangian analysis of consumer choice, where the arguments of 
the utility function arc achievement levels in v'arious academic fields and leisure, 
and then repeal the analysis in matrix notation The analysis seems to beg the 
essential question, W’hy do indiv iduals enjov academic achievement ’ The standard 
analysis suggests that the primary reason rests on wealth augmenting attributes 
of learning More educated individuals arc more productive in the labor market 
and therefore earn higher wages Simply entering skills into a static utility function 
ignores this more fundamental issue But even in the context of utility maximiza¬ 
tion, the analysis is incomplete The only constraint on the individual as modeled 
IS total time and his ability to produce academic achiev'cment- The analysis fails 
to explicitly consider that the effect of (and perhaps reason for) acquiring skills 
today IS to alter one’s opportunity set tomorrow This omission taints the rest of 
their analysis throughout 

The authors go on to point out that knowledge has public-good attributes 
and use this fact to explain multi-student classes By making the assumption that 
faculty members derive utility by assigning grades to students in accordance 
with some monotonic transformation of achievement scores, they derive the prop¬ 
osition that “the ith student’s [ordinal] rank not only depends on his own aptitude 
and effort but on the aptitudes and efforts of the remaining JV-1 students” (p 22) 
An interesting point is that the grading system, by imposing constraints and pro¬ 
viding information about ability, is more likely to result in concentration switching 
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among low-ability individuals. One wonders, however, first why performance 
standards differ among subjects and second, why administrators fail to take this 
into account when determming satufactory performance. This leads to the more 
fundamental question. Why require minimum performances at alP This issue 
IS not addressed by the authors 

The final point of the chapter is valid and of some importance. The authors 
point out that one cannot judge the effect of learning technology simply by 
(xamining ex ante and ex post performance m the field in which the technological 
innovation occurred. Since there is the possibility of using the saved effort to 
learn other fields, a sufficiently “inferior” field might actually experience poorer 
performance after the innovation Thus, one cannot conclude that decreasing 
the student/teacher ratio has no effect even if it docs not improve achievement 
scores 

I'he authors then consider faculty choice and adopt the theme that professors 
are given sovereignty over what is taught Implications for student and faculty 
behavior are explored “Publish or perish,” they argue, is a rational reaction to 
ihc inability to determine what is “good” teaching Although the authors suggest 
that a voucher system, whereby students could “vote” for good teachers, would 
reduce the difficulty, they fail to explain the apparent infrequency of such arrange¬ 
ments More generally, the question of what it is that the educational institution 
produces is not dealt with 

1 he determination of faculty-time allocation is treated as a problem of utility 
maximization, where the arguments of the utility function are student achieve- 
mi nt (a good) and faculty effort (a bad) No unambiguous conclusions are reached, 
noi IS this surpiising The utility framework is at best superficial in the case of 
faculty decisions Later, the choice between teaching and research is considered 
I he facult) utility function is altered to include onij teaching rewards and 
research rewards which, again, lematn mysterious The crucial consideration— 
that the teaching/research decision is likely to affect next period’s opportunities— 
is left unexplored 

Chapter 4 discusses “grade inflation ” The mam point is that formula budget¬ 
ing, which appropriates revenue to depaitments according to enrollment, leads 
to the desire to attract students One method used to accomplish this purpose 
IS to lower the grading standards As all departments attempt to do this simul¬ 
taneously, grade inflation results This is also applicable across universities, they 
argue, because the promise of higher grades will induce students to attend that 
university This point immediately raises three questions First, if grading is a 
screen, why is it that students learn about the inflation before the users of the 
screen (c g , their prospective employers)’ If the asymmetry is absent, then the 
students will derive no benefit from the inflation Second, why is grade inflation 
a recent development’ The incentives for grade inflation, if present, should have 
been present in the past as well If not, why not’ Finally, why is the response to 
formula budgeting higher grades rather than some other student benefit’ For 
example, few would suggest that the response to formula budgeting has been 
increased faculty time with students 

A final substantive chapter considers interdisciplinary study Unfortunately, 
the authors seems to make a rather basic error by interpreting the r-shaped learning 
curve as implying that knowledge increases at a decreasing rate initially and then 
at an increasing and finally at a decreasing rate again They confuse the level of 
t e first derivative with the sign of the second, which results in an incorrect 
analysis This is aggravated by an incorrect statement about the effect of “in¬ 
creasing returns” on optimal investment levels. 
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The authors go on to argue that interdiaciplinary pursuits arc more risky 
as the result of poorer information This, they claim, results in a lower return to 
interdisciplmary activity Two pomts should be made First, diversification is 
usually considered a risk-reducing strategy, so that the argument about relative 
uncertainty is at least dubious Second, even if uncertainty went in the direction 
argued, the market equilibrium should be characterized by a higher, not lower, 
average return to the risky field as long as the marginal investor is risk averse 
and costs of investment do not differ greatly across pursuits 

My general feeling is that although the McKenzie and Staaf book raises some 
interesting questions, it fails, for the most part, to answer them successfully 
The book contains many errors, most of them substantive Although the empincal 
work of others is occasionally cited, no new information is produced The authors 
frequently derive what thev tell us arc testable implications but never attempt 
to test them systematically This is unfortunate, since the theory is insufficiently 
provocative to stand alone 

Edward Lazear 


l^miirruty of Chicago 
and 


National Bureau of Economic Research 


Wool, Cloth, and Gold The Struggle for Bullion in Anglo-Burgundian Trade, 1340-1478 
By John H A Munro 

Brussels Editions de I’Universiti de Bruxelles, Toronto University of Toronto 
Press. 1972 Pp xi + 241 $20 00 

In the fifteenth century, a succession of wars and fiscal difficulties stretched the 
competence of governments in Europe The quarrels between England and France 
were special instances of these stresses and their inevitable consequences Mounting 
military expenditures meant a sequence of swelling budgets, and in the search 
for new ways to augment roval revenues, tax levies dominated domestic issues 
These problems affected both countries in varying measure France in 1439 
underwent a tax reform which came to make the royal laille annual, arbitrary, 
and permanent England was fortunate enough to avoid arbitrary taxation but 
only at the cost of shifting the pressure to other sectors amenable to producing a 
surplus for the king English wool was the best in Europe for certain textiles, and 
the great cloth-weaving towns of the Low Countries relied on this basic raw 
material Wool then became a focus of interest. In 1429, as the fortunes in France 
began to turn, the English monarchy initiated controls on the wool trade as the 
best way to revive the fisc The staple market for English wool in Calais was put 
under stringent regulation Merchants were ordered to conform to the “market” 
price, sell for cash, and deliver a third of the proceeds in money to the royal mint 
in the city These regulations—the famous Calais Staple and Bullion Ordinanccs- 
remamed m force for almost half a century, and their effects were both far-reaching 
and profound. In the end, they served only to accelerate long-term shifts in the ‘ 
wool trade of England, and structural changes in the textile manufactures of the ^ 
Low Countries themselves , 

In the economic heyday of medieval Europe, cloth towns such as Ypres had j 
prospered, now they faced crisis and decline. Bruges, which had long remained 
one of the great entrepdts of northern Europe, also entered a peni^ of acute | 
difficulty, and another port, Antwerp, began to emerge swiftly to take its place | 
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The process of adjustment also saw the rise of a number of new centers concerned 
with lighter cloths and using wool from Spain. Hondschoote, for example, bc^an 
to experience a spectacular growth of fortune And in England itself the outcome 
was dramatic, she soon switched from exporting the raw material to its manu¬ 
facture Exports of cloth replaced those of wool in a commercial expansion which 
reached its peak only in the mid-sixteenth century. 

John Munro has taken this huge development and produced an interesting 
book, full of information, which will rightly find its place in the literature. He 
gives special attention to the arguments on monetary disturbance and regulation, 
and this is ably supported by evidence from coinage, bullion ratios, and other 
mint records. Hie monetary policies of both the Burgundians and the English, he 
concludes, accentuated fundamental difficulties and eventually resulted in 
transforming the production and cloth trade of the Low Countries 

For good measure in closing the book, he promises to take this research further 
in another study of textile industries in the north For this, the present work will 
form a good point of departure 

Frank Spooner 

Unwerstty of Durham 


Growth and Incorru Dtstnbutton Essays m Economte Theory. By Luioi L Pasinetti 
Cambridge Cambridge University Press, 1974 Pp x-f 151 $1195 



Luigi Pasinetti has here collected six essays, three previously published The 
essays take up Ricardo's system m a mathemaucal formulation (published first 
in the Review of Economw Studies, 1960), the economics of effective demand, 
cyclical fluctuations and economic growth (from I’lndustna and Oxford Economu 
Papers, 1960), the historical and analytical transition from classical to twentieth- 
century “Cambridge school” dynamic analyses, the relation of the rate of profit 
and rate of growth (from the Review of Economw Studies, 1962), and the rate of 
profit in an expanding economy All except the last essay, as the author tells us 
m his prelace, report work from the period 1958-62, while the last essay dates 
from 1971-72 


These essays are each expressed m a remarkably lucid prose, with accurate 
mathematical arguments in places where they are appropriate and helpful to 
the reader Pasinetti's aim is to lay bare the logical structure of the theoretical 
arguments he discusses, and he succeeds in showing clearly what results flow from 
what assumptions This is theoretical writing of a very high quality indeed 
One of the strongest features of this book is that Pasinetti conceives of “macro¬ 
economics” broadly as the study of all properties of economic systems that are 
emergent,” that is, that are characteristically apparent only when one looks 
at an economy as a totality This conception embraces far more questions than 
those of unemployment, aggregate demand, and inflation Pasmetti argues that 
distribution, growth, and the rate of profit itself can only be understood as essen¬ 
tially macroeconomic phenomena 

There is one lacuna that must be noted at the outset The author’s treatment 


of money and liquidity (macroeconomic phenomena par excellence) is very 
sketchy and confusing or cryptic in the few places where these topics- are treated 
at all The most distressing problem is Pasinetti’s attempt in models that have 
no explicit representation of money to deduce movements of money prices. For 
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example, on pages 41-42 he presents a Leontief model of production to make the 
point that the vector of final demands m that system must be chosen so as to be 
consistent with the available labor He goes on to say that “if [demand] were too 
high, there would be an inflationary situation ’’ In my opinion this is too much to 
ask of a model of production that has no representation of money or the formation 
of money wages and prices The logical leap from a technical incompatibility 
of final demands and labor input to a movement of money prices ignores too 
many institutional details to be convinang 

When It sticks to tui analysis of the movements of real income and its distribu¬ 
tion, Pasinetti’s discussion is invariably illuminating His paper on cyclical 
fluctuations and economic growth (the third essay in this book) points out a 
fundamental problem of macroeconomics multiplier-accelerator models which 
even at a high level of abstraction can explain a cyclical movement of real income 
endogenously cannot simultaneously produce steady growth, and vice versa 
The point he raises here is fundamental even to a wider class of models History 
concretely has produced a pattern of cyclical expansion of capitalist economies, 
while economists (with the exception of Marx and a few others who have adopted 
or modified his formulations) have generally had to be content with attributing 
either growth (as exogenously given technical progress and increase of population) 
01 cycles (as the result of exogenous shocks to the system), or in some cases both, 
to unexplained phenomena external to economic theory 

'Ihis dilemma cries out for a “dialectical” treatment, that is, one which can 
conceive of quantitative change turning into qualitative change Pasinetti hints 
at such a resolution in a few paragraphs at the end of his essay He argues that 
as real income rises consumption patterns constantly shift toward new goods, 
and this constant shifting will at times confuse entrepreneurs so that parameters 
such as the speed of adjustment of investment or the accelerator will move from 
the region where they imply steady growth to the region where the system pro¬ 
duces cycles, and back again This ingenious suggestion is not entirely persuasive, 
since entrepreneurs tan influence the evolution of spending patterns through 
advertising and in fact spend large amounts of resources trying to discover future 
spending patterns That “mistakes” m this process would add up to a shift of 
macroeconomic parameters rather than cancelling each other out Pasinetti 
has not shown An alternative explanation is that the process of capitalist ac¬ 
cumulation destroys the preconditions for piofitable expansion of production, 
especially the availability of productive labor, and that this is the qualitative 
change that leads to an alteration of the parameters ol the growth-fluctuations 
process 

Histoncally the most important and analytically tht most powerful of Pasmetti’s 
contributions in this book are his essays on the rate ol profit in a growing economy 
These beautifully reasoned papers attack the formulation that “the rate of profit 
is determined by the marginal productivity of capital ” He assumes that there is 
a class in society that saves only out of profits (the capitalists) and that the capital¬ 
ist’s propensity to save is larger than that of any other class On a long-run full- 
employment growth path the capital stock owned by each class will be proportional 
to Its savings, and the profits of each class proportional to its holdings of capital 
Since capitalists' saving is by assumption proportional to capitalists’ profits, this 
series of proportionalities shows that the growth rate of capitalists’ holding of 
capital, which in the long run is the growth rate of the economy, is equal to 
capitalists’ propensity to save times the rate of profit Since Pasinetti assumes full 
employment and exogenous exponential growth of the labor force, the economy’s 
growth rate is given, and the rate ol profit, regardless of the technology and workers’ 
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propensity to save, must be determined by the ratio of the natural rate of growth 
to capitalists’ propensity to save 

This proposition is an excellent example of what Pasinetti means by “macro¬ 
economics,” since It IS an emergent property of an economy that is enforced by 
systematic changes in techniques and distribution of wealth and income as an 
economy adapts itself to a long-run steady growth path In this view it is the 
marginal product of capital (if that concept is well defined) lhat must conform 
to the rate of profit through changes in technique. 

An intriguing aspect of this controversy, which has been important in develop¬ 
ing new results in capital theory and so influential in shaping the thought of 
many economists, is that the marginalists and the Cambridge econonusts share 
many formulations and assumptions. Both study full-employment, steady-state 
growth paths, both agree that profit-maximizing entrepreneurs must choose 
techniques so that the value marginal products (when these are well defined) of 
factors equal factor prices The point is that these assumptions by themselves do 
not contain enough determinations to close the model, and, as the controversy 
has made clear, the significance of these shared assumptions changes dramatically 
depending on the context of other assumptions that are used to close the model 

The marginalises, it seems to me, have always had in the “back of their minds” 
a general intertemporal equilibrium model in which, following Bhhm-Bawerk 
and Irving Fisher, the rate of profit is derived from the relative price of present 
and future commodities In this system distribution, in the sense of initial owner¬ 
ship of resources, is taken to be determined outside the model, and the model is 
closed by the preferences of households for present and future goods and services 
These psychological determinations interact with the technological determmation 
lo determine the rate of profit Thus if the demand for future goods (in the form 
of saving) IS not sensitive to the rate of profit, it is tempting in this context to say 
that the rate of profit is determined by the marginal product of capital Of course 
with many goods and many kinds of capital it is clear that somethmg else besides 
total demand for future goods (saving) has to be held constant—perhaps the 
composition of demand or, better yet, the relative prices of future goods But for 
“pedagogical purposes” a simple case that represents the inherent logic of inter¬ 
temporal equilibrium can be constructed by taking one kind of capital and one 
output and suppressing the psychological determinations into an assumption 
of a constant savings rate 

It was on some such slippery slope as this that the Cambridge economists caught 
the marginalists, and it proved to be much harder for the marginalists to scramble 
back to firm analytical ground than it was for them to arrive at the one-sector 
model in the first place Pasinetti and the other Cambridge economists do not 
begin fiom a shapeless "general equilibrium” model As Pasinetti says of Keynes 
and emphasizes also in his discussion of Ricardo, the Cambridge economists 
believed “that it is one of the tasks of the economic theorist himself (lie) also 
to specify which variables arc sufficiently interdependent as to be best represented 
by simultaneous relations, and which variables exhibit such an overwhelming 
dependence in one direction as to be best represented by one-way direction 
relations (p 44) This methodological posture, together with a willingness to 
study distribution both of resources and incomes as an endogenous outcome of the 
growth process, leads Pasinetti to his very powerful critique of the marginalist 
formulation and to his surprising and dramatic positive results on the determina¬ 
tion of the rate of profit Marginalist economists will perhaps always be uncom¬ 
fortable with and view as "paradoxical” a result that demes to technology any 
influence, even as part of a simultaneous system, on the rate of profit. Pasinetti's 
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essays here, however, make a persuasive case that the "marginal productivity 
of capital," even when it is a well-defined concept, is not except in special cases 
an important determinant of the rate of profit on a long-run full-employment 
growth path It would appear that the influence of technology on the rate of 
profit can only be sustamed by banishing distribution of resources from the theory 
and remtroducing subjective psychological determinations, as general equilibrium 
theory does These lesults of Pasinetti’s building on other work of Cambridge 
economists constitute, in my view, a very great contribution to economic theory 
But perhaps we need to carry the methodological moral of this tale even further 
If the context of assumptions turns out to be vital to their significance we ought 
to be extremely critical of every assumption in these highly abstract models 
While Pasinetti is extremely acute m dissecting the marginalists’ treatment of 
technology and saving, he is somewhat complacent about the assumption o^ full 
employment of labor While this is a persuasive assumption for particular national 
economies with highly developed capitalist production, it is not so piersuasive if 
we look at capitalism as a world system, since on a world scale capitalist produc¬ 
tion appears to operate with a large margin of unemployed and underemployed 
labor A revision of Pasinctti’s assumption of full employment of an exogenously 
given labor force would entail considerable further dramatic changes in the theory 
of distribution and growth. As Pasinetti writes “The worst of Malthus’ and 
Ricardo’s fears, and the most frightening of Marx’s predictions (that real wage 
rates would be nailed down to subsistence and all surplus above subsistence would 
be appropriated by the capitalists) turn out to be incompatible with the 
maintenance of full employment” (p 102) But whether this observation should 
lead us to reject Ricardo’s fears and Marx’s predictions or the assumption of 
full-employment growth paths with a labor force given outside the accumulation 
process remains an unsettled question 

Beyond Pasinetci’s striking results in growth and distnbution theory, I think 
the methodological hints and examples of this book are extremely important. 
Pasinetti’s emphasis on emergent properties of economic systems, his support 
of one-way (which he somewhat apologetically and inaccurately calls causal) 
determinations, his aim of achieving sharp results from simple, strong, assumptions, 
and his sensitivity to the importance of the axiomatic context for particular 
ideas (what might be called the gestalt of economic models) are all exciting, and 
to my mind valuable, corrections to the growing body of economic theory that 
IS formally elaborate but empty of substance 

Duncan K Foley 

Stanford University 


Lancashire m Decline A Study in Entrepreneurship, Technology, and International Trade 
By Lars G Sandberg 

Columbus Ohio State University Press, 1974 Pp xii -(-276 SI5 00 

A reader of this Journal does not need to be told that in the last decade or so there 
has arisen a new brand of economic history, with the emphasis on “economic," 
which has sharply revised the story of economic development in Amenca. He 
may not be aware that recently the “new” economic history has moved on to 
other stones, in particular to the story of America’s mneteenth-century predecessor 
as Top Nation—Bntam. Lars Sandberg’s book, a distinguished contribution to 
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this growing stream, is directed at the widely held premise in economic hutory 
that old industrial countries, Britain then as America now, experience entre¬ 
preneurial failure. Since the last quarter of the nineteenth century, when English¬ 
men awoke to find Germans and Americans overrunning their traditional markets 
abroad, alleged evidence for the premise has been mounting, and by now it is 
taken for granted that even in Britam’s characteristic contribution to industrialism 
—cotton nulls—British managers dallied m adopling new techniques and were 
therefore crushed in old markets 

Sandberg's argument is a very different one, and more persuasive. He argues 
in the first half of his book that the chief examples of entrepreneurial failure in 
British cotton textiles, notably the slow move from the mule to the ring spmdle, 
are poorly chosen, for the techniques Englishmen adopted were in fact rational 
in view of the factor prices they faced. He argues in the second half that the natural 
spread of industrialization and of tariffs to protect it, rather than entrepreneurial 
failure at home, explains Britain’s falling share of the world's market for cotton 
textiles 

In common with other pieces of new economic history, the reasoning used is 
often startlingly simple, although it takes a sophisticated economist to cast the 
issues into a simple form Sandberg is able to show that the returns to the new 
technologies of the ring spindle and the automatic loom were lower in Britain than 
in America, for example, simply by recasting the evidence into the form of a 
cost-benefit analysis, or that larger investment in new technologies before World 
War I would have resulted in larger output but also lower profits after the War 


simply by noting that world prices would have fallen even further, or that Britain’s 
position of comparative advantage in exporting cotton textiles was fragile and 
finally broken by Japan simply by emphasizing the low costs of transporting 
finished cloth The weakness of the old economic history was not usually in 
collecting facts (although Sandberg develops some new statistical series, notably 
an index of the quality of British textile exports, on the whole he builds on the 
work of earlier scholars) but in refining the facts that matter and interpreting them 
in the light of simple economic theory The theory in the book, indeed, is occasion¬ 
ally oversimple It docs not really follow from Britain’s dominance of Indian 
imports of cotton textiles before World War I, for example, that Britain needed 
to bear the brunt of the 60-percent fall in those imports after the War (p 182), 
for the market was a world one Here and elsewhere m the book, especially m its 
second part, the arithmetic of market shares sometimes dominates the economics 
of market supply and demand curves Yet the economics is seldom far below 


the surface of the argument, and the argument is always lucidly expressed. 

If it IS the applied economics in the new economic history which distinguishes 
It from most economic history, it is the history m it which distmguishes it from 
most applied economics It is the historian in Sandberg who demands that he 
devote half his book to gathering evidence on the relevance of homo eeonomuus 
to the British textile industry in the late nineteenth century rather thsui, as the 
^onomist in him would prefer (unless he were an agricultural economist disputing 
the idiot peasant model in India or Nigeria), simply assuming it relevant at the 
outset It IS the historian who demands he devote the other half to applying the 
model so validated to half a century’s history rather than to last year’s. And, 
hnally, it is the historian who demands he write the book on Britain rather than 
America, for America’s economic experience has been rich, pacific, and demo- 
cratic-that is to say, from the perspective of Russia or India or Britain, strange 
I history of America is, certainly, of great mterest, 

but more of parochial than of cosmopolitan interest If economies other than the 
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American are to be understood, their history must be studied, and studied wnth 
the tools of modern economics Indeed, Sandberg’s work, part of a growing body 
of work on Britain tending to the same conclusion, suggests that Britain’s econoimc 
history in the last third of the nineteenth century is more applicable to America’s 
in the last third of the twentieth in America now, as in Britain then, the news 
of her industrial death has been greatly exaggerated 


Vmverstty of Chicago 


Donald N McCloskey 


Market Stgmling Informattonal Transfer in Hiring and Related Screening Processes 
By A Michael Spence 

Cambridge, Mass Harvard University Press, 1974 Pp 221 $10 00 

Today, the tuition per student per lecture at a big private university is around $10 
This is rather humbling, how manv lectures do we give that arc worth that much ’ 
Michael Spence in this lucid and interesting book gives us good cheer We may 
be providing useful inlormalion, but about our students rather than to them 
His basic idea is that, since hiring and firing are expensive, employers (or 
anyone buying services from unestabhshed individuals) would like to know in 
advance how productive their employees will be There are two types of infor¬ 
mation they can use to judge applicants unalterable characteristics such as race 
and sex and characteristics such as education which can be manipulated by the 
applicant at some cost to him Spence calls the latter “market signals ” Provided 
that the costs of employee signals are sufficiently negatively correlated with 
productivity, employers can use them to select more productive people 

This IS a call to us as teachers Suppose firms seeking intelligent drudges make 
the B A a prerequisite to well-paying jobs If we can make our classes unbearable 
to the other potential job seekers, only the drudges will get the B A and the jobs 
The situation will be in “inlormational equilibrium,” because the employer’s 
expectations about what the requirement meant would be fulfilled Spence makes 
the interesting points that education may be unproductive in itself and remain 
useful as a signal, that multiple equilibria are possible (for example, firms might 
equally well require an M and get essentially the same people, burdening 
them with the extra schooling), that equilibria persist like putty at whatever 
requirements currently prevail, and that since disconfirming evidence may never 
appear firms may maintain different requirements for identifiably different groups 
such as blacks and whites, even though their economic potential is identical 
Spence shows that if firms compete on signal requirements all firms will use the 
least-cost discriminating signal and so multiple equilibria will not exist He implies 
that such competition is unlikely since the costs of unnecessary education are 
borne by individuals and not firms, and the firms would therefore have little 
incentive to compete by reducing requirements This last assertion seems wrong, 
in exchange for labor services firms provide both wages and a job The attributes 
of the job including its requisite signals are tied to the wages, and equality of 
marginal product with wages must be interpreted in this wider sense Thus tuition 
may be subtracted when there is learning on the job, and in a market where 
useless M A’s arc the standard a firm can offer a B A -and-lower-wages job and 
compete effectively for the best new people Indeed, a better ability to discriminate 
IS an asset that casting and employment agencies rely on for their profitability. 
The theory has something to offer in understanding many other economic 
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phenomena, including guarantees, brand names, internal promotion, certifying 
agencies, and discrimination In discussing the case of DeFunis (the student who 
sued the University of Washington Law School for admission on the grounds that 
they had accepted black students with lower grades and test scores than his), 
Spence points out that if the costs of educational signals are higher for blacks, 
blacks with the same productivity as whites may have less impressive academic 
records In this case discrimination is unavoidable at some level—signals will be 
different if people are chosen by productivity, or productivity will be differenl if 
people art chosen by signals (as DeFunis argued they should be) Most people 
would probably prefei to use future productivity rather than test scores as the 
criteiion of “merit ” Unfortunately, there is little evidence of how future pro¬ 
ductivity varies by group with test scores, and it might be hard even to agree on a 
good measure ol poslschool productivity Thus even if the assumption Spence 
would use to justify different test standards for different groups were true, it 
would he diflicull to validate 

We could make a quite diflercnt argument than the one Spence employs 
against the use of uncompensated test scores I his argument does not rely on the 
difleiential signaling cost assumption In such cases as professional school entry, 
union membership, oi government jobs, the state (by cash or statute) may be 
subsidizing positions that have moie qualified applicants than sacancics I his 
subsidy may make “division of the spoils” a more appropriate selection principle 
than merit, however defined Every group with political [xivver should get its 
fair share 

1 he author presents his many new insights by simple examples, neat arguments, 
and cleat concise piose Reading this book is a joy 

Emmeh Keeler 

RAND Corporation 


Late Nineteenth Century American Development A General Equilibrium History By 
Jeffrey G Wii.i iamson 

London and New \ ork Cambiidge University Press, 1974 Pp 350 $19 50 

In this book Jeffrey Williamson developis a 72-cquation, two-region, three-sector, 
three-factor neoclassical growth model, intended to represent the American econo¬ 
my between 1070 and 1910 Equipped with parameter values obtained through 
a melange of ad hoc procedures and rough guesses, the model generates 40 
hypothetical years ol history, telling an economic story which, in the author's 
view, remarkably resembles the real economic history of this period Having 
received high marks from its creator on its ability to leproduce the actual record, 
the model moves on to tell a variety of counterfactual tales of the same penod, 
histones which “would have been” had this or that factor been different in this 
or that way Among the more surprising of the conclusions are these (1) the 
major features of American growth are not associated with the closing of the 
frontier or the rise of financial intermediaries but may be explained most directly 
by the postwar acceleration in the rate of capital formation and all its ramifica¬ 
tions, (2) the fall in interregional transport costs, however, had a major effect on 
resource allocation and grov»qh, (3) industrialization was primarily a result of 
the exogenous effect of world market conditions, (4) farmers were fully justified 
in complaining of “capital starvation” in the early 18708, but later in the period 
indicators of farm distress are more than offset by the capital gains on farmers' 
landholdings 
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Despite Its size, the structure of the model is essentially quite simple. Agri¬ 
cultural goods are produced in the Midwest by land, labor, and capital Industrial 
commodities are produced in both the Midwest and Northeast by capital and 
labor only Production functions are Cobb-Douglas in all sectors. Commodity 
prices are established b> world markets and are unaffected by developments 
in America Factors are paid their marginal products, however, labor and capital 
markets do not equilibrate instantaneously Instead, migration between sectors 
and regions is a function of differentials in wages and interest rates In the “basic” 
simulation of chapter 4, aggregate labor-force growth and the savings rate are 
exogenous, although this feature is partially relaxed in later chapters The growth 
of the land stock, labor-force participation, transportation costs, and total factor 
productivity are exogenous throughout 

Tbis IS a challenging book, and it raises some basic questions about our under¬ 
standing of the historical process of economic development Does a highly aggre¬ 
gated, full-employment, strictlv nonmonetary neoclassical growth model— 
albeit one with significant disequilibrium in capital and labor markets—really 
capture the essence of American economic cxpeiience during this period^ I am 
far from convinced Should we expect such a “long-run” model to give a close 
fit over a 3-decade period marked bv drastic monetary and institutional changes, 
a period containing 2 separate decades in which (according to Lebcrgott) un¬ 
employment averaged 10 percent of the labor force (not “approaching 10%,” 
as Williamson has it on p 117)’* Williamson fully acknowledges (pp 70, 78, 84, 
212) that the model docs not satisfactorily reflect business cycles or long swings 
in economic growth, but he does not explain the osmotic process by which these 
cyclical mechanisms generate long-run full-employment growth results in his¬ 
torically short periods of time From this perspective, is it really playing this 
simulation game fairly to apply the analysis to one period which seems to fit a 
neoclassical outline on a prima facie basis (as Temin and others have noted), 
and then to terminate the experiment when the model stops working—with 
rather vague reference to “structural change,” apparently unconnected with 
identifiable historical developments, economic or other’ Williamson indicates 
(pp 5, 118) that he views the “epochal hinge” after 1896 as a major unsolved 
problem, but he does not suggest that it might be grounds for doubting his analysis 
of the earlier years Indeed, if one is willing to allow the existence of long swings, 
as Williamson apparently is, can one even dejine “secular” trends with any confi¬ 
dence over so short a period’ llie long-swing hypiothesis, for all its conceptual 
vagueness, at least has the virtue of explaining both the retardation of the 1890s 
and the acceleration after 1900 in a single package, rather than regarding the 
first as "solved,” the second as “left for future research 


' I say “3-decadc” even though the actual simulation covers 40 years, because at 
several points (e g , pp i, 31, 118; it is conceded that ' structural change” after 1900 
renders the model inappropriate for some or all of the last decade While he thus dis¬ 
claims responsibility for these years, VSilliamson is nonetheless unable to restrain himself 
from claiming credit (on behalf of his mtxlel) for those po5t-1900 developments which the 
model does predict (e g , pp 7'i, 83, 130-31) Heads I win, tails you lose The attitude 
toward long swings is similar 

’ I am unfortunaiely stubborn enough to be still stuck on an earlier point just how 
much “retardation” occurred, apart from the worldwide industrial depression of the 1890s 
1 am not persuaded by the claim that the depression of the 1870s w3« “et^URUy severe” 
(p 93; in terms of the loss of output It requires some fancy footwork With quadratic 
time trends (appendix C; to generate substantial industrial “excew capacity” in the 
1870s, a finding which I find grossly implausible on the basis of the raw data 
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The reader who 1 * akeptical, as I am, wilt find this a frustratmg book, 
because Williamson does not elaborate or defend in a serious way the outlook 
toward economic history embedded in his model. Instead, the book relies heavily 
on the ability of the model to “track” the major histoncal developments of the 
period However, I do not find this performance as impressive as does Williamson 
True enough, the model is shown to reproduce many trends m aggregate GNP 
and capital-stock growth (pp. 68-74), but just what docs this mean? In the basic 
simulation of chapter 4, it is only a slight exaggeration to say that Williamson 
has ‘ ‘explained” the growth of output in terms of three exogenous factors of produc¬ 
tion and an exogenous “residual,” which was itself estimated by dividing output 
by an index of inputs Land-stock growth is fully exogenous, and labor-force 
growth IS virtually exogenous, capital-stock growth is technically endogenous, 
but the savings rate is exogcncous—and indeed, since the initial capital stock 
and the depreciation parameter are also exogenous, the “savings rate” estimates 
employed are simply another way of expressing the same information contained 
in the (actual) capital-stock figures Of course the fit is good As far as I can see, 
the only reason the fit is not perfect is that Williamson has slapped together 
estimates from various scholars using different weighting schemes and conceptual 
specifications, and because for many variables he obtains 40 “annual” observa¬ 
tions by interpolation between the Jtve census-year data points actually available 
How can this procedure possibly tell us whether the model is “fact or fiction’” 

How much of the tracking of various economic magnitudes is strictly tauto¬ 
logical I am frankly uncertain, but Williamson gives us no help in separating 
the wheat from the chaff I find no mention of the risks of pseudoverification, 
no inquiry into the informational sources behind the data themselves Even where 
the “actual” observations seem relatively independent of the parameter estimates 
—as with the real wage figures (pp 78-83)—I am dubious Not only was the 
labor elasticity obtained from a factor share estimate, but the book indicates 
that the mam determinant of regional wage differences was the differential in 
commodity prices With this in mind, I am unable to work up enthusiasm for a 
model which “predicts” real wages by assuming all commodity prices to be 
exogenous None of this proves that the Williamson model is wrong, but 1 do 
not find compelling reasons here for believers in alternative models to change 
their minds I’heir persuasion will not be furthered (quite the contrary) by 
demonstration that the model’s counterfactual implications are surprising and 
“revisionist ” 

I do not mean to imply that all of the hypotheses of the book rise or fall with 
the success of the simulation exercise To a large extent, readers can simply be 
advised to take chapter 4 with a gram of salt and move on to the substantive 
chapters, which offer a diverse menu of cliometnc fare, chewable if not always 
palatable or digestible But, unfortunately, since the purported accuracy of the 
general simulation is apparently the reason for the cursory and frequently casual 
defense of basic assumptions, the hypnotic effects of the computer pervade the 
whole book For example Williamson does note that the main reason his assess¬ 
ment of the role of land and agriculture is so different from previous writers is 
that he assumes small-country conditions, treating all commodity prices as 
exogenous It does not take a 72-equation computer model to prove that the 
“spector of diminishing returns” can be banished by this assumption.’ Chapter 10 
on “World Markets” shows that the simulation results arc highly sensitive to 


’ Note also, however, that industry uses no lumbe., coal, oil, iron ore, or any other 
natural resource in this mcxiel 
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hypothesized changes in these relative prices One would have thought, therefore, 
that establishing the appropriateness of the exogeneity assumption would be a 
major concern of the book (Quite clearly the success of the general simulation 
has no bearing on the point one can hardly “predict” prices any better than by 
assuming they had to be what they were ) But instead we find only one brief 
and (in my view) unsatisfactory discussion (pp 217-20), limited to wheat in 
the British market * Suiely we need more than this to sweep away with one stroke 
of the broom traditional historical themes relating to the “rise of a national mar¬ 
ket,” involving change:^ in the effective demand elasticities facing producers 
and major alterations in patterns of specialization within agriculture 

Chapter 6 on financial intermediaries develops an interesting alternative to the 
“institutional” explanations for the pace of regional interest-rate convergence 
between 1870 and 1900, but here again I find that the critical assumptions go 
virtually undefinded VV'illiamson’s “disequilibrium” explanation emerges from 
his “putty-clav” assumption that new savings are required to effect capital 
migration The flow ol capital could not keep up with the vtry rapid westward 
expansion oflabor during the 1870s, interest rates converged only when the move¬ 
ment of the “frontier” slowed down But this result is only possible because the 
model, which treats the economy as “open” in terms of commodities, assumes 
a “closed” economy when it comes to capital 1 he justification offered (pp 33, 
309-10} is that net foreign capital imports were not in lact large when averaged 
over the whole period, though they frequently were during “peak” years (Query 
just what years does the full-employment model apply to if not the peaks'*) Ihe 
problem yvith this argument is that gross capital flows were often quite large, 
suggesting that a worldwide shortage of ‘ new savings” was not really the con¬ 
straint on interregional capital flows Granted that net flows were nol large over 
the penod as a whole, the question remains why not’ Williamson begs the ques¬ 
tion, avoiding “institutional ’ considerations only by means ol his specihcation * 
Even taken on its own terms, the argument would seem less plausible il the South 
were included If the interest-rate differciuials were opened up by the pace of 
demand, why should the slow-growing South have sufiered under even higher 
interest rates, which fell even more slowly, than those of the Midwest’ 

Here and elsewhere, the giound rules are always thi same il Williamson can 
generate an observed pattern with his model, then there is no “need to icly” 
on other arguments, unfortunately, this often seems to mean neglect of the analyti¬ 
cal and historical dimensions of the subject As a result we get very little grasp 
of just what kind of approximations we are dealing with and how the simulations 
relate to other types of knowledge and information I am sure that ihe many 
specialists whose work falls under criticism in the book will feel that they have 
not received a reasonable reading or refutation from Williamson, and 1 am afraid 
that many will feel that he does not even warrant a response 1 his would be a pity, 
because the book is a major research effort by a competent scholar, and it is 
clearly intended as an appeal to economic historians to rethink their positions on 

■* An earlier section n labeled “a defense of the 'small country' assumption," but it 
contains no specific defense At one point (pp 216-17; Williamson even seeks to bolster 
his case on industrialization and world markets by reference to exports of "'heavy industry,” 
offenng as an explanation only the note chai “imports of manufactured products are to 
be understood as imports net of exports of such products ” 

* I do not comprehend the statement (p 129; that the model doe* not “miniiruze the 
importanre of institutional change ” How can the nonreverssble developments in the 
financial sector be embedded in the (stable) parameters of the savings-transfcr function 
if they do not effect the "equilibrium” differential’ 
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a vanety of issues and to propose and discuss their alternative hypotheses within 
this or a similar framework. Rethinking is of course always in order, and many 
of the particulars are well worth the attention of scholars, but I do not share the 
hope that the approach of the book will be widely imitated My own undoubtedly 
biased opinion is that we still have a great deal to learn about basic behavioral 
parameters in economic history and that the choices in specification are very 
great indeed High-level computer simulations do not seem to be a good substitute 
for the direct confrontation of these issues 
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A Classical Macroeconomatric Modal 
for tha Unitad Statas 


Thomas J. Sargent 

Ummsitji qf Mimusala 


A statistical definition of the natural unemployment rate hypotheiu u 
advanced and tested A particular illustrative structural macroeconomic 
model satisfying the definition is set forth and estimated The model has 
“classical” policy implications, implying a number of neutrality proposi¬ 
tions asserting the invariance of the conditional means of real variables 
with respect to the feedback rule for the money supply. The atm is to 
test how emphatically the data reject a model incorporaung rather 
severe classical hypotheses 


This paper estimates a small, linear, classical macroeconometnc model 
for the postwar United States One reason for estimating the model is to 
produce a simple device capable of generating unconditional forecasts of 
key economic aggregates such as the unemployment rate, the price level, 
and the interest rate But a more importam reason is that as part of the 
estimation process the hypotheses underlying the model are subjected to 
empirical testing Since these hypotheses are very “classical” and sharply 
at variance with Keynesian macroeconomics, it would be useful to know at 
what confidence levels the data reject them 

The present model is considerably more moneUrist than is the St 
ouis model Indeed, as interpreted and mampulated by its builders, 
e t uis model is incapable of rationalizing prominent monetarist 
positions In particular, it implies that simple x percent growth rule, for 
money can generally be improved upon by adopting rules with feedback 
from past endogenous variables to current money ^ By way of contrast, 

This paper was financed by th Federal Reserve lUnl, m i t .. . 
necessanly endorse the opinion, exprewed T 

Nefici performed the cal^arn, ^ 

‘ See Andersen and Carbon 1970 
* Cooper and Fucher (1974) have made thb point 
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the present model is one in which an x percent growth rule for the money 
supply seems not to be dominated by any rule with feedback. * 

The determimstic (nonrandom) classical model, the static analysis of 
which is enshrined in macroecononucs textbooks, has never been taken 
seriously, because its predictions seem so terribly at variance with the 
data In particular, it is hard to explain the observed persistent movements 
in employment and unemployment with the textbook classical model. 
How meaningfully integrating randonti. disturbances into the classical 
model would affect the analysis is a matter about which there is presently 
little agreement On the one hand, in his American Economic Association 
presidential address, James Tobin (1972) seemed to assert that the presence 
of random disturbances in demand and supply schedules so alters the 
character of the general system that it sets up an ejcploitable trade-off 
between unemployment and inflation even in a system where all agents 
optimize On the other hand, Robert Lucas (1972A) has analyzed a general 
equilibrium system in which agents cope optimally with the existence of 
uncertainty While there exist “nonneutralitics” in that system, there 
are no nonneutralitics that the government can either exploit or offset 
by way of countercyclical policy 

This paper formulates, tests, and estimates a version of the classical 
model that has its origin in hypotheses that place severe restrictions on the 
random behavior of unemployment, output, and the interest rate The 
model implies that those three “real” variables are econometncally 
exogenous with respect to variables measuring monetary and fiscal 
policies As a consequence, government manipulations of monetary and 
fiscal policy variables have no predictable effects on unemployment, out¬ 
put, or the interest rate and hence arc useless for pursuing countercyclical 
policy Such implications are in the nature of neutrality results, albeit 
ones that require drawing some fairly fine econometric distinctions The 
key elements of the model that provide the sources of the restrictions on 
the stochastic nature of output, unemployment, and interest are (a) a 
drastic version of the natural unemployment rate hypothesis, (fc) the 
expectations theory of the term structure of mterest rates, and (e) the 
assumption that the public’s expectations aie “rational ” 

The chief novelty of this paper is its formulation of a drastic, statisucal 
dcfimtion of the natural unemployment rate hypothesis That definition 
is not dependent on any particular macroeconomic structural model, 
being compatible with a variety of structures one could imagine The 
jiarticular structural model presented in this paj>er is mtended only as 
an illustrative example that satisfies this definition of the natural-rate 
hypothesis This particular structure does, however, illustrate some of the 

* Models with this property have previousiy been analyzed by Sargent (1973) and 
Sargent and Wallace (1975) 
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Strong classical properties that will be possessed by models that satisfy 
the definition of the natural-rate hypothesis advanced here A major aim 
of the paper is to indicate how this definition of the natural-rate hypo¬ 
thesis can be tested and to present some test results 

This paper is oig'anized as follows In section I a prototype of the model 
is described However, no attempt is made here to rationalize in a deep 
way the equations comprising the model Section I is designed to display 
the system briefly and to establish its classical nature. Section II then 
provides a definition of the natural-rate hypothesis that is the corner¬ 
stone of the model Statistical tests of the hypothesis are described. 
Section II also describes how the rational-expectations theory of the term 
structure of interest rates is implemented in the model and how its central 
implications can be tested Section III implements the econometnc 
tests described in Section II Finally, Section IV contains estimates of 
the complete model The casual reader not interested in econometncs 
can read only Sections I and IV and find there estimates of the model 
and a description of how it works 


I. Overview of the Model 

I begin by describing a simple prototype of the model It differs from the 
model finally estimated in some minor ways but illustrates well the 
mechanics of the model 

The prototype consists of the following five equations 


Un, = y{p, - E,.iP,) + 2] -I- u,„ 

/-I 

where y < 0 (a Phillips curve), 

Ms 

"/t = PiPt - E,.ip,] + dUn, + “'(”/!-( + « 2 „ 

^where > 0, and d < 0 (a labor force participation equation), 
y, = Clot + a,(n^, - Un, + pop,) + 

I where «! ~ 1 (a production function); 

R, = /e,-, ^(z, - £,_,z,) + 

(a martingale equation for the long-term interest rate); and 


n, - p, = biR, + biy, + - p,_,) 4 . 


'Sl> 


(1 1 ) 

( 12 ) 

(1.3) 

(1.4) 

(1.5) 


where A, < 0 and Aj, A, > 0 (a portfolio-balance schedule). The variables 
are defined as Un, = unemployment rate, p, « log of GNP deflator; 
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= log of labor force participation rate; y, = log of real GNP, 
pop, = log of population; R, = long-term interest rate; m, ■= log of 
money supply, Z, = a vector of exc^nous variables in the “IS” curve, 
including tax rates and government purchases, Uj, = mutually and 
serially independent random terms with zero means, so that = 0, 

j = 1, ,5, and E,^iX, = the mathematical expectation of X, con¬ 

ditioned on information available at time / — 1 The variables Z„ pop,, 
and m, are taken as exogenous. 

Equation (I 1) is a Phillips curve that piosits an inverse supply-side 
relationship between unemployment and the unexpected part of the 
current price level The public’s psychological expectation about the 
price level is supposed to be “rational,” meaning that it equals E,^,p,. 
The equation embodies the natural unemployment rate hypothesis, 
since it asserts that unemployment does not depend on the anticipated 
part of the rate of inflation Equation (1 1) is essentially Lucas’s (1973) 
formulation of the Phillips curve 

Equation (12) is a labor force participation equation positing that 
the participation rate depends directly on the unexpected part of the 
price level and inversely on the unemployment rate (the “discouraged 
worker effect”) The presence of unemployment and the unexpected part 
of prices in equations describing labor force participation is not unusual 
(e g , see Wachter [1972] and the work cited by him) 

Upon notmg that the log of employment approximately equals 
(ny, — Un, -I- pop,), equation (1 3) is seen to be a Cobb-Douglas produc¬ 
tion function that excludes capital The regressions reported by Bodkin 
and Klein (1967) and Lucas (1970) suggest that little violence is done to 
the data by omitting capital from equation (1 3) That is, time-series 
regressions of the log of output against the logs of capital and employment 
typically display constant or increasing returns to employment and zero 
or slightly negative returns to capital For my purposes, excluding capital 
from equation (1 3) permits the construction of a model in which there is 
no need to account for capital accumulation 

Equation (1 4) posits that the long-term interest rate is a martingale 
Fiscal policy and other aggregate-demand variables influence the long 
rate in two ways First, the unexpected components of Z, influence the 
“innovation” in the long rate, that is, the part of the long rate that 
cannot be predicted from the past Second, the foreseen or expected 
part of Z, is already reflected in and affects R, in precisely the same 
way It affects R, _, 

Equation (1 5) is a standard portfolio-balance schedule. 

The model is five equations in the five endogenous variables fl/,, 
y„ R„ and p. The exogenous vanablcs are Z„ pop,, and m. 

To complete the model, the stochastic processes governing the exo- 
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genous vanables m„ Z„ and pi 
autoregressive schemes 


sit 


and 




i-i 


i=»l 


be specified. 

I will assume the 

■1 "1" ®ii> 

(16a) 

-1 + ®2(> 

(1.6b) 

>,-l + 83 ,, 

(1.6c) 


where the {/s. i/r/s, and to/s are parameters, and the e/s are serially 
independent random variables with means of zero, they are assum^ to 
be distributed independently of the «’s m the structural equations (1 1 )- 
(15) To solve the model and to forecast with it, expected values of the 
exogenous variables, for example, £,_!«, and £,rn, + „ arc required. 
These expected values are calculated using the autoregressions above for 
the exogenous variables This is partly by way of imposing rationality, 
since the expected price turns out to depend on E,.yZ„ 

and E,.ipop, Rationality amounts to requiring that the public’s expecta¬ 
tions of the exogenous variables m„ Z„ and pop, equal the mathemaucal 
expectations computed from the appropriate objective probabiUty 
S distributions, that is, the autoregressions above 

[ The model has a standard aggregate-demand and -supply representauon 
? in the p,y plane Substituting equations (1 1) and (1 2) into (1 3) gives the 
aggregate-supply schedule 

y, = Hot + a,pop, + [a,/5 + {did - a,)y](/>, - E,.ip,) 

fii 

+ («,</ - aj) -I- a, 

1=1 1*1 

-f- {oi,d - -I- -I- uj, 

Since a,^, + (a,rf - a,) y > 0 , the aggregate-supply schedule is upward 
(loping in the p-y plane 

Substituting equation (1 4) into (1 5) gives the aggregate-demand 
^schedule p, = m, - b,R,-i - 6 |^(Z, - E,.,Z,) - b^y, - 63 ( 1 / 1 ,.i 
— p,.,) — — u,„ which slopes downward m the p, y plane 

Increases in m, and in the aggregate-demand innovations ^(Z, — E,.iZ,) 
cause the demand schedule to shift outward The equilibrium p, y com¬ 
bination IS determined at ‘he intersection of the demand and supply 
curves 

While the model is clearly simultaneous m determining the current 
values of the five endogenous vanables, for generating forecasts it is 
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recursive. The one-period-ahead forecast of £/«, is determined by taking 
expectations in equation (1 1) conditional on data known at t — 1; 

m 

E,.^Un, = ktUR,.i, (l.r) 

1-1 

which follows since £,_((/>, — ^1,-iA) = ~ ^i-iPt = 0- The 

forecast of Wy, is then given from equation (1 2) as 

^i-i”// = dE,^tUn, + ^ w,nf,_, 

I- I 

Then from equation (1 3) we have the forecast of the log of GNP as 
E,^^y, = ot^t -(- !t^(E,_^nJ, — E,^iUn, + E,^^pop,) From equation (1 4) 
the forecast of the long-term interest rate is simply E,_yR, = 
which follows since E,_^{Z, — E,_,Z,) = 0 Finally, from the portfolio- 
balance schedule, the forecast of p, is E,_^p, = E,_^m, — — 

b^Ef-yy, — bi{m,_y — ^,_i) To compute the forecasts of the endo¬ 
genous variables, the forecasts £■,_,!«, and E,.yPop, of the exogenous 
variables are required 

The predictions of the model are obviously classical in spirit The 
predictions of the “real” variables arc all independent of the prediction 
of the money supply, which only influences the predicted price level For 
predicting the long-term interest rate, predictions of the fiscal and other 
aggregate-demand variables add no information to that in the current 
long rate since they are already properly embedded in the current long¬ 
term rate Finally, the model implies that the monetary authority does 
not have the option of pegging the nominal interest rate R, via some 
feedback rule by letting the money supply be whatever it must to gfuarantee 
portfolio balance at that interest rate * For suppose that the authority 
were to attempt to peg the interest rate via the feedback rule 

R. = F0,.y, (1 7) 

where 0,_i is a vector of observations on endogenous and exogenous 
variables dated t — 1 and earlier, and F is a vector of jjarameters con¬ 
formable with d,_, The predictions of R, from equations (1 4) and (1 7) 
are clearly in general inconsistent, so that the interest rate is overdeter¬ 
mined Thus, this model is characterized by Wicksell's classical over- 
dcterminacy of the interest rate (and indeterminacy of the price level) 
under a pegged interest rate 

It bears emphasizing that, while for prediction the model has a very 
classical recursive structure, it is a simultaneous model when it comes to 
deternumng current vanables Thus, money is not a “veil” in the model, 

* Thu u one of the opUoiu analyzed for a itochaiuc Keyneauui model by William 
Poole (1970). 
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Since (random) increases in money can be shown to stimulate both GNP 
and the price level. So will (random) increases in the aggregate-demand 
Z’s But It turns out that in this model it is best to predict as if money 
were a veil The fact that variables arc determined jomtly simply cannot 
be exploited in prediction, neither can it be exploited for control 

I have indicated that to generate forecasts of the endogenous variables 
the exogenous variables should be set equal to the forecasts 
E,Z, + t, and E,pop,+ y, which are to be computed from the autoregressions 
(eqq [1 6a]-[1.6c]) that actually govern those exogenous variables It 
seems that something more is possible in the way of forecasting, but it 
turns out not to be useful to the policymaker In particular it is possible 
to use the model to “predict” values of the endogenous variables in t + 1, 
conditional on alternative assumed values for the exogenous variables 
+ Z, + ,, and pop,^^, given values of E,m,^.^, E,Z,^t, and E,pop,^t 
For example, for a given E,m, + 1 , different values of m, + j will be associated 
with different values of the real variables output and unemployment 
The larger - Epn^^^ is, the larger will be the “predicted” value of 
output and the lower the “predicted” value of unemployment But such 
“conditional” forecasts are of no use in forming piolicy For example, it 
will not work to use the model to “forecast” unemployment for alternative 
i values of m, + ^, given + and then to set + , in order to achieve 

I the unemployment rate desired by the monetary authority Expecting 
^ that to work amounts to assuming that the public would continue to form 
Its expectations about m, + i by using equation (1 6a) even if the authority 
adopted the new and different rule for setting m implicit in the procedure 
above That violates the assumption that expectations arc rational What 
affects unemployment and output is the gap between 10 , + , and E,m,^i, 
and there is no way that the authority can expect to set this gap at some 
desired nonzero level 

This completes the overview of the model I now turn to the task of 
setting forth more precisely the nature of the key hypotheses underlying 
the model In the process, staustical tests of those hypotheses will be 
described and implemented 

n. The Stochastic Model of Unemployment and Interest Rates 

This section sets forth and describes tests of a naive but powerful formula¬ 
tion of the hypothesis that there is a natural rate of unemployment. The 
hypothesis formulated here is much stricter than the usual statement of 
the natural-rate hypothesis, which posits that the government can per¬ 
sistently depress the unemployment rate below the “natural rate” only 
at the cost of accepting an accclcraung inflation In contrast, the present 
formulation implies that there is no way that the government can operate 
so that It can expect to depress the unemployment rate below the natural 
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rate, even m the short run Among other things, that implies that policy- 
maicers face no “cruel choice” between inflation and unemployment over 
myi relevant time frame 

The tests of the natural-rate hypothesis implemented here differ 
substantially from the usual one, which involves testing the hypothesis 
that certain sums of distributed-lag weights are unity or zero This usual 
test has been harshly criticized on theoretical grounds* and furthermore 
IS subject to the purely econometric objection that economic time-series 
data usually yield very little information about “long-run” magnitudes 
such as the sum of distributed-lag weights * The tests implemented here 
do not seem to depend on estimating any such long-run properties of lag 
distributions 

The present statement of the natural-rate hypothesis is compatible with, 
but somewhat stronger than, the one presented and tested by Lucas 
The strategy that I use to test the hypothesis is more naive and purely 
“statistical” than was Lucas’s (1973) procedure, which involved actually 
estimating a concrete structural model 

The Natural-Rale Hypothesis 

I begin with the univariate Wold representation of the unemployment 
rate, Un, Wold showed that if a variable, for example, Un„ is an indeter¬ 
ministic, covariance-stationary process, it can be represented as a one¬ 
sided moving average of “white noise” 

dj no 

Un, = IZ "J < ^> (2 1) 

y=0 

where the u’s are serially uncorrelated with mean zero and finite variance 
The model in equation (2 1) is obviously intended to apply to devia¬ 
tions of unemployment from its mean and any deterministic components 
To make things simpler without really altering the essentials, I shall 
assume that the a’s and the other white noises to be introduced below 
are serially independent ’ I also assume that the roots of 

j = o 


’ Sec Sargent 1971 and Lucai 1 972a 

* See Sims 1972a A lag distribution that embodies a wrong prior restraint on the sum 
of the lag weights but is sufficiendy flexible can usually achieve a fit arbitranly clue to 
what could be achieved if the erroneous constramt on the sum of the lag weights were 
removed. (This assumes that the spectral density of the independent variable hM no 
spike at zero frequency ) 

Dropping the assumption that the u’a and other white noises are senally independent 
but only senally uncurelated would necessitate replacing conditional mathenutticsl 
expectauons widi linear least-squares forecasts m the subsequent argument With that 
replacement the argument would go through The statistical tests reported in the next 
section only utilize the assumpUon that the various white noises are senally unconelated. 
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he outside the unit circle, so that Un, possesses the autoregressive repre¬ 
sentation 

Un, = ^ gtUn,^j 4- «,• (2 2) 

Even with these restrictions, equation (2.1) is a very general representa¬ 
tion of a covariance-stationary, indeterministic process, the a^s being 
chosen to enable the covariogram o{J^ajU,-j to match that oiUrij So far, 
then, I have not restricted the process for the unemployment rate very 
much 

Let the vector 0, be the set of observations on all variables observed as 
of time t or earlier, 0, includes observations on current and piast GNP, 
interest rates, prices, and any other things, includmg unemployment 
Itself, thought potentially to contribute to predicting unemployment 
The following statement of the natural-rate hypothesis can now be 
advanced the unemployment rate Un, is said to obey the natural-rate 
hypothesis if in its (univariate) Wold representation (eq [2 1]), the 
innovation u, obeys 

£(«,|0..,) = 0, (2 3) 

so that the innovation in the unemployment rate is statistically indepen¬ 
dent of each component of 0,_t and so cannot be predicted on the basis 
of the information in 0, _, This means that taking into account components 
of 6,. I other than lagged Un,’s does not, on the least-squares criterion, 
improve the forecast of Un, that can be made on the basis of lagged C/n’s 
alone The least-squares forecast of f7«, on the basis of f/«,_ j, , 

call It On,, IS given by 

00 00 

gtUn,., = aju,_j 
i-i ^-1 

On our assumption that the it’s are serially independent. On, = 
E0Jn,\Un,^i, Un__^, )=£(!/«,|it,_„ u,_, ) 

The statement that the best forecast of a, conditional on all past data 

I IS simply its unconditional mean of zero amounts to a very strict version 
of the natural-rate hypothesis For 0,_j includes past values of monetary 
and fiscal policy variables Such variables are asserted to offer no aid in 
I predicting the unemployment rate, once lagged unemployment rates 
are taken into account Furthermore, equation (2 3) implies that the 
current value of any control variable determined via a detcrminisUc 
feedback rule on 0,_| is also of no use in predicting the unemployment 
rate For example, suppose that the logarithm of the money supply at f, 
m„ IS determined according to the determinisuc, very general feedback rule 

=/(9,-i), (2.4) 

where/is some (perhaps very complicated) function that determines the 
monetary authority s feedback rule Then tljc above version of the natural- 



rate hypothesis iwphes that once lagged Ws an ta^ ban aoeoaat, 
current m, is of no use in predicting Un„ so jh*f 

Un,. 


■ 2 ) 


= I • • )• «8»«Uess of 

- function / or the particular parameter values 

the nature o f^jback rules of the form of equation (2.4) 

characterizing / government-policy variables that control 

form optimal ones for macroeconomctric models 

(focd^ccTfficicnt stochast.c-diffcrence equations) The statement above 
of the natural-rate hyfx,thes.s implies that the choice of / has no 
effect on the mean of the unemployment rate, conditional on past dau. 
This IS a very strong implication about the conditional mean of the unem¬ 
ployment rate, one that denies, for example, that policymakers have any 
scope to trade a lower expected unemployment rate for a higher expected 
rate of inflation ® By way of contrast, the existing macroeconomctric 
models, as usually manipulated, all imply that the parameters of/ and 
the feedbafk rules for other government-policy variables do help determine 
the conditional mean of the unemployment rate, and that policymakers 
must face up to a hard choice between the unemployment rate and the 
inflation rate they can expect to achieve 

It IS important to note that the definition above of the natural-rate 
hypothesis does not rule out the piossibility that there are correlations 
between the unemployment rate and other vanables such as prices or 
wages or the money supply It does imply, however, that any such correla¬ 
tions that exist cannot be exploited in predicting the unemployment 
rate To take an example, Lucas’s model of the Phillips curve is 




where X, is the price level at time t, EX,lO,_i is the mathcmaUcal expecta¬ 
tion of the price level at t, conditional on information available at time 
/ — 1, and u'l is a well-behaved disturbance term, one that satisfies 
^“tl^i-i = 0 ’ The equation above posits a correlation between the 
innovations of Un, and X,, but notice that 


E(Un,\9,.t) = 

t»i 

* It docs not necessarily follow that the distribution of the innovation in unemployment 
u independent of the feedback rule for pohey—only that its conditional mean is The 
empincal tests reported in this paper are of neutrahty-m-conditional-means proposttiims 
Stronger neutrahty proposiUons, asserting mvanance of the entue probability distnbution 
of some real economic variables with respect to the pohey rule, obtam m some macro- 
economic models (sec, e.g., Sargent and Wallace 1975). 

* The notatiQsis and EX, | 0,_| are altemaUves denoting the same concqit, 

so that 1 jiT, s EX, | i- 
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so that such a correlation does not help in predicting the unemployment 
rate. Obviously, the same sort of result would obtain were X, interpreted 
as a vector of exogenous and endogenous variables. 

As another example of correlation between unemployment and another 
variable that docs not aid in forecasting unemployment, consider the 
system 



where the ^’s, A’s, and y,’s are parameters, and u, and e, arc mutually 
uncorrelated and serially indepiendent random variables with finite 
variances In this system, unemployment helps predict X, even taking 
lagged .Y’s into account, but once lagged Un’s are taken into account, 
lagged values of X are of no aid in predicting unemployment 


Testing the Hypothesis 

Granger (1969) and Sims (1972A) have described the statistical theory 
that can be used to construct tests of the natural-rate hypothesLs as 
formulated above According to Granger, “ We say that Y, is causing 
X, if we are better able to predict X, using all available [past] information 
than if the information apart from [past] Y, had been us^” (p 428) 
The formulation above of the natural-rate hypothesis thus posits that the 
unemployment rate is caused, in Granger’s sense, by no ocher variables 
From Granger’s paper, a direct statistical test of that hypothesis is avail¬ 
able Consider the unemployment rate Un, and some other variable Y, 
Using the method of least squares, estimate the linear reg^rcssion of Un, 
on lagged Un's and lagged F’s as 


On, = g &jUn,_j + (2 5) 

where the d/s and ^/s are least-squares estimates On the null hypothesis 
that y does not cause Un, the parent parameters Pj,j =t I n equal 

zero The natural-rate hypothesis can then be tested by testing the null 
ypot esis Pj — 0 (when j = 1, , n), for various choices of Y. 

Alternatively, lagged values of several variables can be added to the n«ht 

side of equation (2 5) Or the natural-rate hypothesis, all such variables 
bear zero coefficients 

An alternative way of testing the natural-rate hypothesis as posed here 
IS to employ the test for Granger causality proposed by Sims (1972*) 
Assume that Un and some other senes 7 are covan'a^ltli!^; 
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and that they arc purely indeterministic Then the generalization of 
Wold’s representation theorem to n dimensions implies that Un, and Y, 
have the moving-average representation 


OD 00 


= ''A-, 

. + Z) Mi-1 

(2 6a) 

t«0 

/To 


00 

00 

+ H -I. 

(2 6b) 


where e and ri are serially uncorrelated and mutually uncorrelated with 
finite variances, equations (2 6a) and (2 6b) are very general representa¬ 
tions of the two processes i’n, and Y,, the a’s, b's, c’s, and d’s being chosen 
to make the cross-covanogram between the moving sums on the left-hand 
sides of the two equations match that between Un and Y Sims showed 
that Y does not cause Un in Grangei’s sense if and only if either all of 
the a, s or all of the i/s in those equations are zero ' ° On the basis of this 
result, Sims showed that Y, could be expressed as a one-sided distributed 
lag of Un, with a disturbance uncorrelated with past, future, and current 
Un's if and only if Y fails to “cause” Un Sims’s test for exogeneity of Un is 
to regress Y on past, present, and future t/n’s and then to test the null 
hypwthesis that coefficients on future Un’s are zero That is, by least- 
squares estimate, 

n 

y, = + «f. 

~n 

where t, is a residual On the null hypothesis that Y does not cause Un, 
y, = 0 for I <0 

The Interest Rate 

The equation for the long-term interest rate is motivated by the rational- 
expectations version of the expectations theory of the term structure ‘ ‘ 
Let R„, be the yield to matunty on an n-jjeriod bond at time t, where n is 
large in relation to unit increments in / 1 approximate the rational- 
expectations theory of the term structure as asserting 

= - i^li + ^r^lt + l + + ^j^li + i.-l)> (2 7) 

n 

This is a very important result, since it establishes the coincidence between Granger 
causahty and the econometncian’s definition of statistical exogeneity (It is assumed that 
the process [Un,IY,] possesses an autoregressive representation ) 

’ ‘ For expositions of the rauonal-expectations theory of the term structure and evidence 
that it performs acceptaMy well, see ShiUer (1972) and Modigltam and Shiller (1979) 
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SO that the n-period rate is an average of the current short rate iJ,, and 
expected future short rates E,Ri,+j,j = 1, . . , n — 1. Expectations 
about future short rates are assumed to be rational. Subtracting R^, 
from /?„,+, gives + , - R^, = where 

= (l/«)[(^.,+ i - -Ei^u+i) + + + 

- £,^i,+,-i)] The term is of the nature of an 

“innovation” and as an implication of rationality obeys £,//„, =0 

Furthermore, for large n and well-behaved (i e , flat enough) yield curves, 
{l/n)(£,;?i,+, - Rt,) 0 Consequently, for large n, there obtains the 
approximation 

£ A,(2 8) 

which says that the n-period rate is a martingale process 

Suppose that the reduced form for the short-term interest rate is 
R,, = pZ„ where P is conformable to Z, and where Z, is a vector of 
exogenous variables including government expenditures, tax rates, the 
money supply, and other determinants of the real rate of interest and the 
expected rate of inflation That gives us £r/?i,+y = pE,Z,+j Then equa¬ 
tion (2 7) becomes R„, = {\jn)P{Z, -f £,Z,+ , -t- £,Z,+„_,) So 

we have 

^itl+l “ ^nt ~ (l/”)^[('^t+l ~ -^A+l) + (■^(+1^1+2 ~ + "h 

■K£,,,z„„., - £,Z,^,_,)] +(1M)S(£,Z,*,-Z,) 

(2 9) 

Supposing that Z, is a vector autoregressive process, it is easy to show that' * 

~ — ^j-i(^i + i ~ ^I'^i+i)) (2 10) 

where is a square matrix conformable with Z, one whose elements 
are functions of the parameters of the autoregression for Z Substituting 
equation (2 10) into (2 9), we obtain R„,^_, - R^, = (lln)P(/ -f F, -I- 
1^2 + + r„_ 2 )(Z, + , - £',Z,+,) + (l/n)P(£,Z, + „ - Z,) Upon im¬ 

posing our flat-yield-curvc approximation (l/n)(£,Z, + , - Z,) = 0, the 
equation above becomes 

^Hi + i “ ^ni ~ ^(^r + l ~ ^1^1 +1)> (2 11) 

‘ where i = (!/«))?(/ -h F, -f- + F,_j) This is a version of equation 

r (1 5) As before, we have the implication of equation (2 8), £Ai +1 * Ar- 
; According to equation ,2 8), a regression of against a^y 

• ,' ™Pl‘“tion of Wold’s chain rule of forecasung (see, e ft , Shiller 1972 and 

Modigliani and SMlcr 1973) 
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vanables dated t or earlier ought to have cocflfidents of zero. For example, 
a regression of , - R., against prices or rates of inflation dated t or 
curlier ought to have zero regression coefficients The reason is that 
already has built into it expectations of inflation over almost all of the 
horizon for R,,+ i and that any revisions in those expectations between 
t and t + 1 cannot be predicted on the basis of information available 
at time t, by virtue of the rationsdity of those expectations 

Another way to test equation (2 7) is to note that it implies that /?,, is 
not caused by any variable That can be tested by fitting two-sided 
distributed lags of causal candidates against R^, and testing the null 
hypothesis that the coefficients on future i?„’s are zero. 

For my purjxises, the important implication of the theory is that /?, 
cannot be predicted better by taking into account other variables, once 
lagged values of have been taken into account So it would be per¬ 
fectly acceptable to modify equation (2 8j to read 


n 

- l> 

1 = 0 


( 2 . 8 ') 


which carnes the crucial implication that /?„, is caused by no other 
vanables Equation (2 8') should perhaps be preferred over equation (2 8) 
according to certain theories about the liquidity premiums that allegedly 
infest the term structure * ^ 

The assertion that other vanables such as monetary aggregates and 
fiscal-policy variables contain no information (over and above that 
contained in lagged values of the long rate) that can be used to predict 
the long rate is one that contradicts the implications of all existing 
macroeconomctnc models, as they are usually manipulated ** Stochastic 
simulations of these models will in general generate data for which a 
variety of monetary, fiscal, and other variables “cause” the long rate and 
thereby aid in its prediction 


' ^ A more adequate approximation than cq. (2 8) u available, one that does not ignore 
the term lln(E,R„+. — R,,) Nouce that the term-structure cq (2 7) implies that 

£,,nR^f.i = (n + I)/^+i„ — Rn (2.6*) 

Equation (2 8') implies that R, is caused by (i e , not exogenous with reqsect to) R,^ , and 
Ri but IS not caused by (i c., is exogenous with respect to) any other vanables once R^+i 
and Ri are taken into account Equation (2.8'} shares the clanical character of the less 
adequate approximation equation (2 8) EsscntiaSy, (2 8') asserts that as a block the term 
structure of interest rates is statistically exogenous or not caused by other vanables. Ihu u 
enough to preserve the classical nature of the model but is weaker than requiring the 
interest rate on bonds of a given matunty to be statistically exogenous with respect to all 
other vanables 

' * The St. Louis model u no exception 
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ObsenatuMs on the Ttsts 

The restrictions imposed by the statistical models for unemployment and 
the interest rate outlined here are stricter than what is really necessary 
to deliver the classical policy implications of the model Thus, suppose 
that X, IS a vector of “real” economic aggregates at time t including 
variables such as real GNP, unemployment, layoffs, interest rates, and 
so on, X, excludes variables measuring the comjjosition of output, such 
as aggregate consumption and investment tind outputs of particular 
commodities Let gt be a list of monetary and fiscal-policy variables at 
time t Then a model in general v«ll have classical policy implications 
if It satisfies 

E{X,\X,.^,X,_„ •), (2 12) 

so that as a block the aggregate real variables X are statistically exo¬ 
genous with respect to (not caused by, in Granger’s sense) the variables 
mg For a system satisfying equation (2 12), movements in the compionents 
of g do not have predictable effects on subsequent values of the real 
variables in X So equation (2 12) exhibits the same sort of neutrality of 
certain real variables with respect to monetary and fiscal policy as does 
the model in Section I 

While the model of Section I is an example of a system satisfying 
equation (2 12), (2 12) is more general There are systems satisfying 
equation (2 12) that violate the hypothesis for the unemployment rate 
and the interest rate described here m Section II which are key hypotheses 
underlying the model of Section I Thus, equation (2 12) does not imply 
E{Un,\Un,.i, Un,.2t y Si-i> gt-2t ) ~ E(Un,\Un,^i, )> 

I even though Un, is a component of X, A simple example that illustrates 
this IS a system satisfying equation (2 12) in which, say, layoffs help 
cause unemployment Suppose that some components of g, arc set via a 
feedback rule on layoffs Then even though g docs not cause (help predict) 
Un when lagged unemployment and la^cd layoffs are taken into account, 
components of g will help predict unemployment when only lagged 
: unemployment is taken into account This is because g contams some 
^mformation about lagged layoffs This is a “spurious” type of causality 
i from g to Un m which an omitted variable (layoffs) is causing both g and 
Un (see Granger 1969), when layoffs arc omitted, g only appears to cause 
Un because it is standing in for the omitted lagged-layoff rates 
I The possibility of such spurious apparent causality running from com- 
I ponents of^ to Un is notew- rthy, since the statement above of the natural- 
rate hypothesis IS so very strict In particular, it rules out even the 
I possibility that other real variables (the componente of X in eq 12.121) 

I cause unemployment This seems too drastic, since it is easy to imagine 
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structures in which there is extensive causality from, say, GNP and 
layoffs to unemployment that satisfy cquauon (2.12) and so are basically 
classical m nature For such a system, our tests might well reject the very 
strict version of the natural-rate hypothesis adopted above 

While failure of monetary and fiscal-policy variables to cause unemploy¬ 
ment and other real variables is sufficient to deliver classical policy 
implications, it is not really necessary One can imagine structures in 
which jxilicy variables cause (help predict) unemployment and other 
real variables, but in which switching from one deterministic rule for 
Setting the policy variable to another leaves the stochastic behavior of 
unemployment unchanged As an example, consider the structural system 

«i 

= Z) -f- u, 

(2 13) 

and 

OT, = + E„ (2 14) 

1=1 

where e, and a, are random variables, and = £,_iU, = 0 For the 

structure above, it is easy to calculate 

m 

£(L^n,IUn,.i, ) = Z^ +/?i(m,-, 

1 = 1 

"2 

1 = 1 

It follows that m helps predict (causes) l/n, But notice that according 
to equation (2 13) switching from one deterministic rule for m (i e., a 
rule for which m, = to any other deterministic rule will leave the 

stochastic behavior of unemployment unaltered Even though m causes 
unemployment in this system, it is true that one deterministic rule is as 
good as any other, so that there is no scope for countercyclical policy by 
way of “leaning against the wind ” 

The preceding observations suggest reasons for believing that this paper 
tests versions of classical hypotheses that are really stronger than what 
IS necessary to deliver classical policy conclusions, so that the tests seem 
biased against the natural-rate hypothesis and other classical hypotheses 
However, it is important to note that the tests arc not uniformly biased 
against classical hypotheses, since it is possible to concoct nonclassical 
systems that will mimic the classical characteristics that my tests look for. 
Thus, the tests might be fooled into iiauiing to reject the natural-rate 
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hypothesis in a system for which that hypothesis is false Suppose that the 
true reduced form for Un, is 


J. 

Un, = ^ + OLotn, + e„ 


(2.15) 


where £(e,li7n,_,, , m„ m,_,) = 0 and where the A’s and a’s are 

fixed parameters Suppose that the authority sets m, according to the 
deterministic feedback rule 

2 

1=1 

Then clearly 

2 

Un,^21 > ^ ^ (^i + *0^1) 


Here Un is not caused by m, m Granger’s sense, because the authority, 
by making m, an exact function of past Un's, eliminates any value from 
the m series for predicting Un 

While the tests might be fooled by such a structure, that structure 
Itself seems unlikely to me In particular, if the reduced form were 
equation (2 15) and the authority were to set m, by a feedback only on 
lagged Un’s, and not also on other variables, presumably the authonty 
would want to minimize the variance of Un„ which it could accomplish 
by eliminating any serial correlation in Un, That is, in our example, it 
could minimize the variance in f//i by setting A, + = 0,A2 + oq,<5j = 

0 Then the variance of unemployment would equal the vanance of e. 
But in reality, variables like unemployment and the deviation of GNP 
from trend are highly serially correlated That makes it haw! to believe 
that any failure of, say, m to cause Un is due to the authority’s mampulat- 
ing m in response to past movements in Un, since that reqmres imputing 
1 to the authority a perverse objective, that is, one tolcraUng much serial 
fccorrelation and variance in Un 


I. Empirical Results 

ables 1 -6 report the results of performing tests along the lines proposed 
y Granger and Sims for quarterly data on the dependent variables 
spanning the period 1952 11-1972 III The unemployment rate for ail 
civilian workers is used for Un, while Moody’s Baa corporate bond index 
IS taken for the ong-term m crest rate R The variables used as candidates 
for the causal variables Y are the logarithm of the money su^ly 
currency p us demand deposits, (m), the federal, state, and lot2 
ment surplus on the national-incomc-accounU basis in 1958 
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{surp ), the logarithms of the GNP deflator {p ); a straight-time wage index 
in manufacturing (w) , federal, state, and local purchases of goods and 
services in 1958 dollars (g); and federal, state, and local purchases in 
current dollars {g$) ‘ * 

Each of the senes has been seasonally adjusted by taking the Founer 
transform of the senes, setting its real and imaginary parts to zero in a 
band of width it/12 about the seasonal frequencies, and then taking the 
inverse Fourier transform to obtain a seasonally adjusted series ' * This 
method has the virtue of applying a seasonal-adjustment filter with the 
same frequency-respionse function to each senes, thereby avoiding the 
distortions in estimating distnbuted lags between variables that can be 
caused where the series have been adjusted asymmetrically (sec Sims 
1974 and Wallis 1974) Furthermore, the method reduces the spectral 
power of the series to zero at the seasonal frequencies, which Sims (1974) 
has argued helps eliminate bias in the form of seasonal patterns showing 
up in estimated distributed-lag coefficients 

Table 1 reports the results of implementing Granger’s test for causality 
between Un and each of the Y candidates listed above For each Y, the 
test IS run in both directions first Un is regressed on lagged Un’s and 
lagged y’s to permit testing the null hypothesis that F does not cause Un 
(i e , that the coefficients on lagged F’s are zero), then Y is regressed on 
lagged F’s and lagged Un’s to permit testing the null hypothesis that Un 
does not cause F (i e , that the coefficients on lagged Un's are zero) 
Regressions in both directions include a constant and a linear trend 
The regressions include four lagged values of the depiendent variable 
and SIX lagged values of the other variable The F-statistic pertinent for 

‘ ’ The wage is an index of the straight-umc manufacturing wage (w), which is season¬ 
ally adjusted and reported on a monthly basis in Employment and Eammgs (Department of 
Labor, Bureau of L^bor Statistics) Fhc civilian unemployment rate (Un) seasonally 
unadjusted, on a monthly basis, was taken from Employment and Eammgs For population I 
used the civilian noninstitutional population aged 16 and over, constructed by subtracting 
armed forces numbers from the total population aged 16 and over The nomnstitutional 
population aged 16 and over was interpolated from annual figures compiled by the 
Current Population Survey and reported in table I, Bureau of Labor Statistics Handbook 
of Labor Statsstses, 1973 Armed forces numbers were obtained by averaging monthly 
numbers reported in Employment and Eammgs The civilian labor force aged 16 years and 
older was taken from Empltymenl and Eammgs and divided by pop, to obtam the labor force 
participation rate The money supply (m) is Af 1, currency plus adjusted demand deposits 
taken from the Ftderal Reserve BuUetm Ike Baa rate (R) was obtained from Moody's 
Investor’s Service. For R, w, and Un, the monthly figures were averaged to obtam quarterly 
figures The GNP deflator (p) , federal, state, and local purchases in current dollars (/$), 
and federal, state, and local purchases m 1958 dollars (g) were all taken from the Natioaal 
Income Accounts, the federal, state, and local government surplus in current doOais 
was also taken from the Nauonal Income Accounts and then divided by the CNF deflator 
to obtain the surplus m 1958 dollars (surp) 

A deterministic trend was extracted before taking the Fourier tramferm and then 
added back in after taking the mverse transform The degrees of freedom for the R- 
statistics have been adjusted for the loss of degrees of freedom due to setung the seasonal 
bands to zero The appropriate correction is desenbed by Suns (1974). 
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testing the null hypothesis that the dependent vanable is not caused 
by the other variable is reported in the last column 

The F-statistic for m as the causal vanable influenang Un is significant 
at the 95 percent confidence level, though not at the 99 percent level 
Similarly, the ^-statistic for to as a causal variable for Un is significant 
at the 95 percent confidence level None of the other causal candidates 
obtains an F that would require rejecting the null hypothesis that they 
do not cause unemployment In particular, notice that the GNP deflator 
docs not apptcar to cause unemployment 

In the other direction, the F-statistics reveal that the hypothesis that 
Un docs not cause g or can be rejected at the 95 percent confidence 
level The hypothesis that Un does not cause the other four variables 
cannot be rejected 

Tables 2 and 3 report summary statistics for the regressions implement¬ 
ing Sims’s test for unemployment * ’ Two-sided distributed lags were 
calculated in each direction, one with Un as the depiendent vanable 
and the causal candidate Y as the “independent” variable, the other 
with Un and Y reversed The data were quasi-differenced by applying 
the filter (1 — 75£)^ Each regression included a constant and a trend, 
with four lead variables and 12 lagged variables The regressions were 
first estimated by the method of least squares Then the Fourier transform 
of the distributed-lag coefficients was calculated The amplitude of the 
Founer transform was inspected to see if pteaks occurred at the seasonal 
frequencies In those cases where a peak occurred, indicating a seasonal 
pattern m the coefficients, the regressions were recomputed using Thcil’s 
mixed estimator to incorporate weak, stochastic prior information stating 
that there is no seasonal pattern in the distributed lag In particular, 
suppiose the regression estimated is 

12 

Un, = ^2 + residual,, 

(=« -4 

and that a seasonal pattern characterizes the b^s The regression was 
then recalculated by adding observations on the three constraints 

i-4 + io + *4 + *8 = + *1 + ^5 + ^9 + U\> 

b-A + bg + + bg = b_2 + ^2 + ^6 "h ^10 + ^2> 

6_4 + ^0 "h ^4 'Y bg = ^ — 1 *f" ^3 "f" ^7 "f" bji + 1 / 3 , 

where the U’s are random variables obeying FU^ = FUj » FUg “ 0 
Theil’s mixed estimator requires estimates of the standard error of the 

To save space, the graphed lag dutnbuUons and vanous iumaury itatistici of the 
two-«ided texts have been relegated to a mimeographed appendix that it available from 
the author on request The graphs and various ttatutict from the Hannan efficient 
legreanont ducusKd below are alto in thu appendix 
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TABLE 2 

f'STATimo—Two-nDED Teh* 


Independent Vaiuablb 


Variable Name 

(n 

Vn* 

(1) 

rt 

(2) 

m 

0 40lt 

0 951* 

surp 

1 09t 

0 396{ 

i 

0 3441 

2 8548 

gS 

0 3741 

1 255i 

p 

0 6471 

0 479S 

W 

1 4721 

1 23e« 

Note —All f't are F(4, SO), significance levels are 2 56 for 95% confidence, 3 72 for 

99% confidence 


12 |2 
Col 1 regressioru ^ U){Unt^i, ccA 2 refreniom Vnf « ^ 


* ^•sutisticIB pertmCTic for testing null hypothesiB to .4 » » u*.} » ui.t * 0 

t /^-ataiisiic IS pertinent for testing null hypothesis w ^4 ■atv.s •• ur -2 ■ tf'-i * 0 
t Theil constraint used with * rnsui wi — min W| 

§ No Theil constraint used 

II Theil constraint used with 0 m “ (max wt — min k>«)/2 


disturbances m the regression and the standard errors of U^, U^, and t/. 
The former was taken as equal to the standard error of the residuals in the 
original least-squares regression The latter standard errors were taken 
as equal to one another at <r„, which was set at either (max, - min, 5,) 
or (max, (>^ — min, i,)/2, where the ^,’s arc from the original least- 
squares regression The covariance of each U with all other random 
variables was assumed to be zero Estimation incorporating this prior 
information in most cases sufficed to eliminate the seasonal in the dis- 
tnbuted-lag coefficients 

Table 2 summarizes the /^-statistics pertinent for testing the null hy¬ 
pothesis that the coefficients on future values of the right-side variable arc 
zero, that is, the null hypothesis that the left-side variable does not cause 
the right-side variable For no causal candidate Y does the /^'-statisUc 
indicate rejecting that Y docs not cause Un at the 95 percent confidence 
level In particular, notice that m contrast to the results from applying 
the direct Granger test, it is not possible to reject the hypothesis that m or 
I w does not cause Un In the other direction, the E’-statistic reveals that 
f the hypothesis that g is not caused by Un must be rejected at the 95 
percent confidence level The next highest F is for g%, though it is not 
significant at the 95 percent confidence level Qualitatively, the overall 
pattern of the results is similar to that obtained by applying Granger’s 
test, with the important exceptions of the different results rendered for 
whether m causes Un and for whether w causes Un 
Table 3 reports F-statistics pertinent for testing whether the coefficienU 
on current and lagged right-hand side variables are zero in the one- 
sided regressions corresponding to those in table 2. Only the F-slaustics 
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TABLE 3 

F-StATBTICS FOK CoEFnCIENIS ON CuiUtEMT AND LaOOBD VARIABLES' 

I y, = 2 “ iku + ^0 

««0 *«ll 


Independent Variable 


Variabi^ Name 



m 

Un 

r, 

m 


0 883* 

0911* 

surp 


1 685* 

1 999** 

g 


1 454' 

0 520' 



1 785* 

1 441* 

p 


0 571' 

1 347* 

W 


1 003' 

2 355** 


NOTE-^AIfriar^F(13. 54). ail dau are filtered (I - 751)^ 

* Theil constraint used with max wt — min ti>| 

^ No Theil constraint used 

^ Theil romCramt used with ^ (max wi ^ min to|)/2 

* Significant at 5% 


for the regression of Un on surp and Un on w are significant at the 95 
percent confidence level 

Tables 4, 5, and 6 report the results of applying Granger’s and Sims’s 
tests to determine whether the long-term interest rate, as measured by 
the Baa yield index, is statistically exogenous as implied by our theory 
Table 4 records the results of applying the direct Granger test The F- 
statistic IS the one pertinent for testing that the coefficients on lagged 
values of the causal candidate F are all zero, so that F does not cause or 
help predict the defjendent variable Where FBaa is the dependent vari¬ 
able, w is the only causal candidate that obtains an F-statistic that is 
significant at the 95 percent confidence level At that confidence level, 
the results are thus consistent with the implications of the theory, with the 
exception of the results for w, which indicate that w causes FBaa In the 
reverse direction, the hypiothesis that FBaa does not cause the money 
supply must lie rejected at the 95 jiercent confidence level 

For Sims’s test, table 5 summarizes the F-statistics pertinent for testing 
the null hypothesis of no causality for the interest rate The results arc 
compatible with those obtained from applying Granger’s test The hypoth¬ 
esis that FBaa is not caused by the causal candidate can be rejected at 
the 95 percent confidence level only for w In the reverse direction, the 
hypothesis that FBaa fails to cause m must be rejected at the 95 percent 
confidence level 

Table 6 reports the F-statistics pertinent for testing the null hypothesis 
that coeffiaents on current and lagged values of the causal candidates 
arc zero m the one-sided regressions corresponding to those m table 5 
The F’s for w on FBaa and FBaa on iv arc the only ones significant at the 
95 percent confidence level, though a couple of others are marginal 
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TABLE 5 

/■-Statistics—^Two-sided Tests 


Independent Variable 


Variable Name 

(y) 

>tBaa* 

(1) 

rt 

(2) 

m 

0 8861 

2 8081 

surp 


1 454 f 

g 

0 285 $ 

0 3731 

gi 

0 853 $ 

0 661 f 

p 

I 339 $ 

0 450 $ 

W 

3 251 $ 

1 932 $ 


Note — Ail F*x ar« ^(4, 50), si^tficance levels are 2 56 for 95% confidence, i 72 for 99% confidence 


la 13 

Col ] regressioni ^ iviABaat-i, col 2 rcgrcttions ABaaf ^ 

!■ -4 1^4 

* i^»statistic IS pertinent for (estiiig null hypothesif uf- 4 « u-j — u >-2 ^ = 0 

t A'sutjstic IS pertinent for teBting null hypothesis u .4 w'-3 « w ^2 >= iv'.i « 0 

} No Thrii constraint used 

(Theil constraint used with ^ (max U| — rntn u'i)/2 


TABLE f> 

/■-Statistics for CoEPPiaENTS on Current and Lagged Variables 

I r, = ^ + fio + Pit (Seasonal Dummies Included), 

(-0 

II ABaa, = 2 TiTi-i <5o -t- Sit 

i>o 


Independent Vasuable 


Variable Name 

(f.) 

/fBaa 

( 1 ) 

y . 

( 2 ) 

m 

I 854 * 

0511 * 

surp 

1 771 * 

1 648 * 

g 

0 344 * 

0 446 * 

gS 

0 798 * 

0 408 * 

p 

1 751 * 

1 025 * 

W 

2 554 »** 

2 004 ** 


Not*- AU F*s are/'M3, 54), all data are filtered with (I — IbL)^ 

* No Theil constraint used 

^ fhril constraint used with ^ (maa a>i — min ivi)/2 

* Si^ffkant at 5‘’o 
** aignificant at i% 


and may be understated because jxrssibly too many Jagged variables 
have been included 

Table 7 reports F-stattstics pertinent for testing whether the labor 
force participation rate nf is exogenous with respect to various causal 
candidates The model implies that tif, is exogenous with respect to all 
variables in the model, with the possible exception of the unemployment 
rate. The unemployment rate can cause the labor force participatitm rate, 
say through the "discouraged-worker effect,” while not destroying the 
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TABLE 7 

f-STATOTioi—Two-»roEO Turn 



Indefbnoent Variabu 

Vauable Nasie 

nf* 

yt 

(y) 

(1) 

(2) 

Vn 

soeoj 

0 9451 

m 

1 591S 

0 390t 

SUTp 

1 3201 

0 5141 

g 

1 47 HI 

1 594t 


0 499t 

081981 

p 

0 901t 

1 487t 

w 

0 586t 

1 49881 


Note —All /'*i Ere F(4, 50) , itgnificEnce leveb etc 2 56 for 95% conftdeoce, 3 72 for 9d% coctftdeooe 


12 12 

Cot 1 regressioiu Yt ^ win/f-i, col 2 refirtssiom f^ft ^ ^ w\Yt^i 

-4 tm^4 

* F-^tatutic 11 pertinent for testing null hypothesiB 10-4 U'-) Uf-| • 0 

t /^•atnciitic IS pertinent for testing null hypo(he»iB le'. 4 •• • w'^x * u*'-i « 0 

X No Thcil constraint used 

fi 1 hell constraint used with Ou « (max u<( min u/|)/2 

)| Some seasonal remains tn the distributed lag weights despite the imposition of Fheil smoothneaa prior 


“recursive” structure of the model which prevents monetary and fiscal 
policy variables from causing the real variables Un, nf^ and y 

The ^-statistics in table 7 emerge from implementing Sims’s test 
The only /^'-statistic that is significant at the 95 percent confidence level 
IS the one pertinent for testing the null hypothesis that Un fails to cause nf 
At that significance level the null hypothesis must be rejected, which is 
compatible with the presence of a discouraged-worker effect that is useful 
for predicting labor forte participation While none of the other F- 
slatistics IS significant, the regression of m, against nf, did obtain several 
large and statistically significant coefficients on leading values of nf 
This indicates that one ought pierhaps to be cautious about the null 
j hypothesis that m does not cause nf despite the insignificant F-statisuc. 
I With this possible exception, the regressions summarized in table 7 arc 
" consistent with the causal structure imposed by the model upon nf 

Table 8 reports the results of applying Granger’s test to nf and various 
causal candidates At the 95 percent confidence level, nf appears to cause 
U), p, g, and Un, while only Un appears to cause nf ‘ * 


While the Durbin-Wauon statistics from most of the two-sided rernmonM are cioK 
to two, there is a possibility that the presence of higher than first-order senal correUuon it 
making inappropriate the F-statistics in ihr text For this reason, the two-uded ngnmom 
were recomputed using a version of Hannan’s efficient esumalor, which u asymptoucallv 
^mvalent to ^neralizcd least square, allowing for h.gh-order «in,l correlau^ ,» d,; 

^ mimeographed appendix to lU. paper 

(n 17 above) The general paliern agrees wiUi the results m the text, though there M 
differences in details For example, m the Hannan efficient resultt, w se^^ 

cause the Baa rate or the unemployment rate If anything, then, the Hannan 
re^«.on. seem more favorable to the exogeneity h^tSse. 
model than are the two-sided regretuoiii reported in'the text. 




TABLE B 


l; 


. v/A. y •{•mi -•)+ 1 - fl + 4 ,» + 1 . 

Rborw»m or/(O • ' fi‘i 

• • • 

195211-ldKin 


■(0 


• (3) 


V 
' C/« 

nf n 
« iiT 
H<* smp 
tmp nf 
nf t 
t ^ 
V g% 

/I < 
^ P 
P ^ 

nf w 


1 027 -0 151 -0 063 

(8 14) (-8 83) (-0 3-4' 
1540 -0 737 0 15Q 

(1202) (-322) (064) ( 

0 919 -0 175 0 090 

(6 76) (-0 99) (0 50) ( 

1 441 -0 523 -0 117 

(1029) (-2 01) (-041) 

0 927 - 0 086 0 028 

(6 92) (-04B) (0 16) 

1089 -0 374 0 161 • 

(8 34) (- J 93) (0 81) ( 

0943 -0071 -0031 

(7 42) (-041) (-0 18) 

0 931 -0 087 0 052 - 

(7 19) (-051) (031) (- 

0969 -0128 OOM 
(7 27) (-0 73) (008) 

1 082 - 0 100 0 242 - 

(845) (-052) (126) (- 

0 938 -0 185 -OOM 
(6 73) (-102) (-0 06) 

0 833 0 038 0 138 

(6 61) (0 22) (0 79) 

0 920 - 0 1 75 - 0 020 
(693) (-095) (-oil) 

1 049 - 0 302 0 297 

(808) (-1 51) (1 47) ( 



«( 6 ) 


•(7) 


«( 8 ) 


00) 


0 101 
(0 60) ( 
0017 
(007) ( 
-0 116 
-067> ( 
0 352 
<1 10 ) ( 
0 013 
(0 08) ( 
-0210 
-I 13) ( 
-0119 
-064) ( 
-0090 
-0 69) 

0 046 
(0 27) (. 

-0 27) 

-0 085 
-047) ( 
0 086 
(0 51) ( 
-0 091 
-0 50) ( 
-0 065 
-0 54) 


-0 147 
-089) 
-0 162 
0 75) 

0 lOi 
0 60) 

0 228 
-071) 
-0 13) 
-0 74) 
-0 102 
-058) ( 
-0 155 
-085) 
0081 
(0 62) ( 
-0 144 
-0 64) 

0 052 
(0 29) ( 
-0 179 
-0 99) 

-0 145 
-084) ( 
-0 173 
-0 96) 

0 104 
(0 57) ( 


0 M5 
(0 95) 
0 069 

(0 22 ) 
0 121 
(0 70) 
0 027 
(0 20 ) 
-0024 
-0 20 ) 
0 105 
(0 78) 
-0M7 
- I 57) 
0 052 
(041) 
-0098 
-1 04) 
00 ^ 
(0 66 ) 
-0046 
-0 45) 

0 061 
(0 57) 
-0 143 
-1 18) 


0 ( 2 ) 


-0,0007 

-0,0005 

(-0S2) 

(- 0 M ) 

-21.M0 

12J0I 

(-1 75) 


-0 057 

(1,^ 

(-0 64) 

-0 036 

(001) 
-0 073 



(0 55) 
-22 533 


(-022) 

0013 

(-106) 

-0026 

(1 19) 

(-1 72) 

1 917 

loss 

(125) 

0 046 



(-0 94) 

0 55S 

(0 89} 

0 IBl 

(080) 

-007B 

(1 IB) 

(-0 37) 

0 360 

-OIW 

(3 10) 

0 207 

(-0 68) 
-0073 

(ia5) 

(-0 42) 

0553 

-0235 

(3 62) 

(-1 11) 













F- 

Suditic 









HI 

SEof 


DO All 

T 

X 

4(3) 

4(4) 

4(5) 

4(6) 

4l 

80 

E»t Ad) 

D-W 

F(6, 56) 

•f 

Um 

0 003 

-0 007 

0 009 

-0 004 

0 00003 

-0 036 

B64 

0004 

2 143 

2 886* 



(0 97) 


(3 54) 
-32 547 

(-281) 

(1 29) 

(-0 98) 

Vn 

V 

-5 060 

21 901 

24 041 

-0001 

5 604 

916 

0 351 

2 097 

2 223* 



(-0 29) 

(1 31) 

(-192) 

(1 99) 

(-0 63) 

(1 76) 

•f 

m 

0 262 

-0 384 

03f2 

-0 103 

-00002 

-0 288 

053 

0 004 

2 031 

1 963 



(147) 

(-2 12) 

(1 76) 

(-1 02) 

‘:a. 

(-2 31) 

m 

«/ 

0 041 

0 075 

-0039 

-0 137 

-0 258 

999 

0 006 

2000 

0309 



(0 13) 

(0 23) 

(-0 14) 

(-0 69) 

(-0 59) 

(- 1 25) 

•f 

twp 

-0 0001 

0 0003 

-00003 

0000001 

0 00002 

-0045 

841 

0004 

2 026 

1 132 



(-051) 

(1 06) 

(“1 19) 

(001) 

(104) 

(-J 18) 

«»9 

■/ 

91625 

128 847 

-69 150 

-53 598 

-0012 

- 37 639 

826 

3 190 

1 967 

0 980 



(0 67) 

(0 94) 

(-0 50) 

(-0 53) 

(-066) 

(- I 39) 

V 

t 

-0004 

(-024) 

0 020 
(1 38) 

-0016 
(-1 23) 

0016 

2 09 

-0000006 

(-Oil) 

-0 073 
{- 1 58) 

852 

0004 

2 054 

1 938 

t 

V 

-0 555 
(-027) 

-5 256 
(-262) 

5 180 
(2 44) 

-2 354 
(-151) 

0002 
<2 88j 

1 066 
(I 93) 

953 

0 047 

2 081 

2 578* 

•f 

it 

0046 

-0 105 

0 073 

-0003 

-00001 

-0 113 

845 

0004 

2015 

1 385 



(0 96) 

(-2 16) 

(146; 

(-0H) 

(-123) 

(-197) 

f $ 

nf 

0 026 

-0 746 

-0 055 

0 192 

0002 

0 750 

999 

0015 

1 692 

I 343 



(004) 

(-1 14) 

(-009) 

(041) 

(3 86) 

(-1 58) 

bT 

P 

0160 
(0 74) I 

-0 372 
:-l 75) 

0 192 
(0 97) 

-0 033 
(-0 26) 

-00002 
(-1 17) 

840 

0004 

2060 

I 072 

/ 

nf 

-0099 

(-0Ji6) 

0 131 
(0 83) 

0 123 
(0 82) 

-0223 
(-1 86; 

00004 
(2 38) 

0410 
(2 JO) 
-0217 

9995 

0 003 

2 104 

2 935* 

rf 

v> 

0010 

-0 167 

0 132 

-0060 

-00004 

841 

0004 

2002 

1 125 



(006) (-093) 

(0 78) 

(-056) 

(-1 15) 
00008 
(2 25) 

(-2 00) 

m 

nf 

-0 125 
(-0 59) 

0219 

(104) 

00J7 
(0 08) 

-0053 
(-0 32) 

0 242 
(2 25) 

9996 

0 005 

1 972 

3137 •• 


r«cuti«nc» for coeflicicDCi appear m parcstbeaes below rckvani coefikienti 
*Smtficaot a< 5% 

**&fiuficapt ai i% 
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All in all, the empirical results provide some evidence that the causal 
structure imposed on the data by the classical model of Section I is 
obscenely at variance with the data. The evidence that m s^nis ^ ^ 
caused by iffiaa means that the assumption that m is exogenous, embedded 
m the assumed autoregression of cquauon (1.6), must be abandoned. 
But this is not essential, since for the purpose for which the model is 
intended (uncondiuonal forecasting), the regression in uble 4 will do 
just as well Findings that contradict the model arc that w seems to cause 
both /?Baa and Un, according to both Sims’s and Granger s tests. Also, 
according to Granger’s test, m seems to cause Un, but according to Sims’s 
test, It docs not This last discrepancy requires reconciling, as does the 
apparently general tendency of Granger’s test to reject exogeneity more 
readily than does Sims’s test ** 

I do not believe that these results render a verdict on the model of 
Section I sufficiently negative for me to stop now before presenting 
estimates ol the model The causal candidate that does the most damage 
to the hypotheses of the model is the money wage w, which docs not 
appear itself as a variable in the model of Secuon I. Causal candidates 
drawn from the list of variables actually appeanng in the model usually 
do not seem to violate the hypotheses of the model, which gives some 
encouragement to the project of estimating the model 

IV. Estimates of the Model 

To estimate the model, a proxy for E,.^p, was required.** As in a pro¬ 
cedure previously used (Sargent 1973), the proxy for E,^ip, was formed 
by regressing p, against a list of variables dated ( — 1 and earlier ** In 

‘ ’ In implementing Granger’s test, I specified a maximal number oriagged own temu, 
usually four, upon which a variable was permitted to depend If the variable in quetuon 
IS exogenous but follows a mixed moving-average, autoregressive process so that its autx>. 
regression is of infinite order, this misspecification could lead to erroneous rejection of the 
hypothesis of exogeneity With Sims’s test, premature truncaUon of the lag distribution 
will lead to too frequent rejection of the hypothesu of exogeneity when it is true (Christo¬ 
pher Suns poinu out to me that since the autoregressive part of the direct Granger re¬ 
gression whitens the residuals, thereby riseasonahzing them, it is not possible for the 
i Granger test to “ignore" the seasonal bands, as the Sims test as appbed here does This 
^could conceivably account for some of the differences m the resuitt of the two tests ) 

1 The estimates of thi model use the data seasonally adjusted by setting their Founer 
transforms equal to zero in the seasonal bands, the same dau used in the tesu in Section 
in Estimates of the model using officially seasonally adjusted data were also made The 
results, which arc qualitatively similar to those summanzed here, are in the mimeo¬ 
graphed appendix (n 17 above) 

For population (pop), 1 too' the civilian populauon over 16 yean old, while for the 
labor force I used the civilian labor force over 16. The labor force participation rate mf 
was measured as the ratio of the latter to the former The loul civilian uncmploynKiit mte 
was used Notice that «/, + pop, - Un, approximately equals civihan empfoyment, so 
my production function views GNP as a funeUon only of civihan employment. 

To form the proxy for i,-ip„p, was regressed on a constant, trend, three teasosial 
dummies, and p, w, i\f, and Un, each lagged one through four t inv« 


JOimNAL OF POLITICAL BOOMOMY 


234 

each case, this list included all the predetermined variables that appear 
on the right side of the equation in which appears. 

Since the model is a simultaneous one, an instrumentahvanables 
estimator was used to estimate the coefficients Current endogenous 
variables that appear on the right side of an equation were replaced by 
the systematic part of a regression of that variable on the same variables 
that were used to form the proxy for E,^^p, plus current values of the 
exogenous variables, 

The estimates arc reported in table 9 The production function includes 
current and four lagged values of n, s (itf, + pop, — Un,) The estimates 
of the production function (item 3) are compatible with increasing returns 
to labor in the short run and slightly decreasing returns to labor in the 
long run 

The estimates repwrted in table 9 possess signs that agree with a priori 
expectations Unexpected increases in the price level are esumated to 
increase the labor force participation rate and decrease the unemployment 
rate Increases in the unemployment rate decrease the labor force partici¬ 
pation rate, which is consistent with a discouraged-worker effect. 

In the esumates reported in table 9, I have not included innovations 
in Z, as determinants of R, so that the equation for R (the Baa rate) is 
simply an autoregression Two pairs of equations for portfolio equilibrium 
are reported The first pair regresses the reciprocal of the log of velocity 
(m — p — y) against current- and lagged-interest rates, one member 
including and the other excluding trend Including trend is seen to in¬ 
crease the coefficients on current- and lagged-interest rates and to make 
their sum positive This is a common, though widely ignored, result 
including a trend in postwar estimates of demand schedules for money 
for the Umted States tends to eliminate any inverse depicndence of velocity 
on interest rates The second pair of portfolio balance equations regresses 
m — p on current and lagged _)'’s and R’s, again with and without trend 
Including trend again has impiortant effects on the coefficients For my 
purposes, any of these four or any other reasonable demand schedule 
for money is suitable Notice also that the model will work in the same 
“recursive” way if a demand schedule for money is dropped and replaced 
by a regression of p, y, on current and lagged m, the sort of equation 
estimated by Suns (19726) and Andersen and Carlson (1970) 

The endogenous variables were replaced by the systematic part of a regression of 
themselves against pop,, m,, g„ surp,, the log of current govemincnt employment, and all 
of the variables reported in n 22 above. Tbe reader may wonder whether eqq. (1) and (2), 
which have lagged endogenous variables as regresson, can be consistently eatiinated by 
the technique employed If the residuals are serially correlated, my estimates are not 
consistent But it is straightforward to show that, e g , the Un-n p exogeneity tests of 
Scctum III can be view^ as tests for serial correlation of the disturbances m eq (I), 
ladiire to reject exogeneity of unemployment (p't fading to cause Un) being consistent with 
no serial condation. In cRect, then, some testing for the null hypothesis of no serial 
conelation has been earned out, with results iavorable to the null hypothesis 
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TABLE 9 

ElTIMATa OF THE MODEL (1951 1-1973 III) 
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has been turned up, but it is far from being overwhelming and decisive 
The evidence that seems most damaging to the model comes from the role 
that the money wage plays in apparently “causing” unemployment and 
the long-term interest rate On the other hand, the tests have turned up 
little evidence requiring us to reject the key hypothesis of the model that 
government monetary and fiscal-policy variables do not cause unemploy¬ 
ment or the interest rate The fact that such evidence has been hard to 
turn up ought to be disconcerting to users of the existing macroecono¬ 
metric models, since as usually manipulated those models all imply that 
monetary and fiscal pwlicy do help cause unemployment and the interest 
rate 

Models of the kind presented in this paper imply that there is no scope 
for the government to engage m activist countercyclical policy, so that 
It might as well employ rules without feedback for fiscal and monetary 
policy, for example, Friedman’s jrpiercenl growth rule for the money supply 
In contradistinction, macroeconometric models as they are usually manip¬ 
ulated imply that it is optimal for the government to use rules with 
feedback, which may imply “leaning against the wind,” contrary to 
Friedman’s rule If we are to have any reason to believe that rules with 
feedback are superior to rules without feedback, there should be empirical 
evidence in hand that some existing macroeconometric model can 
outperform models of the class studied in this paper It is my impression 
that such evidence docs not yet exist 
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Economic Development in Communist 
China 


Colin Clark 

Manash Umvtrnfy 


This text IS an extension of a previous study, covering the period from 
the 1930s to 1959, published by the present writer in 1965 The results of 
the earlier study (amended) are included m the final table Economic 
progress was violently interrupted by “The Year of the Great Leap 
Forward” (1958), when, as a result of misinformation about agricultural 
labor requirements and hysterically falsified statistics, it was claimed that 
agricultural output was being doubled in 1 year, and that immense trans¬ 
fers of labor to other employments were immediately possible The 
result was acute agricultural shortages, indeed famine in 1960-61, and 
complete disruption of industrial production Recovery from these disas¬ 
ters took several years A lesser interruption (to industry but not to agri¬ 
culture) took place in the “Cultural Revolution” of 1966-67 Those to 
whom the idea of a labor shortage in China appears paradoxical must 
be reminded that China has few draft animals and still fewer tractors 
1 o cultivate a country the size of China with hand hoes requires several 
hundred million workers Chinese population is probably substantially 
lower than is generally believed, and almost certainly has not been 
expanding at the rate of 2 percent per year frequently attributed to it 
Famine conditions in the early I960i caused a considerable reduction m 
the rate of population growth. Publication of Chinese official statistics 
V irtually ceased in 1959, and sources of information for subsequent years 
are indirect and complex The basis of the methods used is the construc¬ 
tion of estimates of agncultural output and industrial production mdex 
numbers, supplemented by information about employment and wages 
Almost all attempts hitherto to state China’s (and other developing 
countries’) national product in dollar terms give results considerably loo 
low The yuan has a high purchasmg power over services and over some 
labor-intensive commodities. For a true comparison all Chinese consump¬ 
tion of food should also be revalued at U S retail prices. On thu basu 
Chinese 1971 gross product per head, expressed in U.S. dollars of 1974 
purchasing power, was $ 154 for food, $ 140 for other private consumption, 
and $157 for investment and government services, or $451 in all The 
long-run rate of increase of real gross product per head of population 
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has been about 2 percent per year, whether we take the t930s or the 
early 1950s as our starting point. This rate is a little below the general 
average for developing countries, and much less than is usually claimed. 
Inequalities in income distribution in China are also not very diflerent 
from those prevailing in other countries 

The valuation of China’s national product m dollar terms was pioneered 
by Hollister (1958), by Liu and Yeh (1963), and by Ishikawa (1965) A 
previous study by the present writer (Clark 1965) made a valuation up 
to 1959 and serves as the basis for the present study 

As IS well known, it is far more difficult to obtain information for the 
years since 1959 than for the previous period 

Chairman Mao had bad advice on agricultural economics He believed 
that about onc-third of the agricultural labor force of China was 
unoccupied (Mao)—“under present conditions of production there would 
be a one-third man power surplus in the rural areas’’-—and could 
therefore be transferred to other employments without reducing agricul¬ 
tural output Who gave him this misinformation nobody knows—perhaps 
advisers from other Asian countries with different climauc condiuons and 
methods of cultivaaon So far from having a vast reserve of unoccupied 
labor, Chinese agriculture, except in midwinter, was subject to labor 
shortages This was made perfectly clear in Buck’s surveys (1964) in the 
1930s, as well as from other sources of information 
To those to whom the idea of labor shortage in China seems paradox¬ 
ical, It must be pointed out that China, even now, has hardly any tractors 
and few draft ammals If you take a country the size of China and have 
to plan for its cultivation with hand hoes, you are going to need several 
hundred million vVOrkers 

Rarely has the ruler of a country been so grossly misinformed, and 
probably never with such utterly disastrous consequences. For in 1958 
Mao decreed “The Year of the Great Leap Forward,” in which the whole 
farm population was forcibly grouped into communes According to 
contemporary reports, families were to be broken up, to live separately 
in communal dormitories, and only to meet each other once a month 
This program may indeed have been intended but was not carried out 
Farm labor was diverted, apparently to the extent of 100 milhon or more, 
to industrial employment, to the construction of dams and roads (mostly 
by unaided man power, without mechanical equipment), and also to 
fantastic projects for producing steel and cement in small backyard 
furnaces. 

The chaos was compounded by the complete breakdown of the 
Chmese statistical system, which has never since recovered There has in 
fact been an almost complete suppression of statistical informauon from 
China ever smee, and estimates have had to be prepared by indirect 
methods (table 10) 
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The suppression of all official statistical information docs not prove, but 
certainly indicates, that economic results have been disappointing. The 
pnncipal sources of information (as will be seen from the references) are 
Current Scene, published by the U S. Consulate-General in Hong Kong; 
publications of two private Hong Kong research organizations, China 
News Analysts and [/nion Research (publisher of Communist China), China 
Quarterly (published in London), and also material assembled by Swamy 
(1973) and by “Eiconomic Indicators for China” (1974) 

Chinese officials now recogmze Chairman Mao’s mistake, though his 
mistakes are sull shared by some foreign economists. “I think that the 
marginal product of a worker m agriculture is less than his consumption,” 
wrote Tobin (1974) “Our Chinese hosts disagree . they repeatedly 
claimed that there was a shortage of labour in agriculture ” 

The Chinese population is not known within wide limits. A census 
taken in June 1953 indicated a population (excluding Taiwan) of 583 
million This figure was accepted at the time by most (though not all) of 
the outside critics who have studied the available evidence. Subsequently, 
however, more doubts have been expressed 
The official demographic adviser to the U S State Department, whose 
figures are quoted in the report on China prepared by the Joint Economic 
Committee (U S Congress Joint Economic Committee 1968), accepted a 
statement made in some Chinese official publications in the 1950s (though 
not repeated subsequently) to the effect that the Chinese population was 
growing at a rate of over 2 percent pier year, and he has gone on woodenly 
adding these percentages to the original census figure, to end up with over 
900 million for 1974 Similar high figures arc given by Swamy (1973) and 
“Economic Indicators for China” (1974) But they must be disputed. If 
the population were indeed as large as this, the food situation would be 
far worse than is desenbed below 

An estimate (Clark 1966) making use of all the available information 
on deaths, births, and the age composition of the population mdicated an 
average rate of increase between 1953 and 1958 of 1 6 percent per year. 
In the troubled years 1958-63 it was estimated (admittedly on very 
little evidence) that the rate of increase fell to as low as 0 4 percent per 
■year, recovering to 1 1 percent per year after 1963 
The official Chinese Atlas in 1957 estimated the growth rate at only 
1 3 percent (birth rate 25, death rate 12 per thousand) The experienced 
demographer Spengler (1962-63), on the other hand, referring to the 
early 1960s, estimated the average completed Chinese family at 6 2 (Buck 
[ 1964] estimated about 5 5), giving a crude birth rate of 40 per thousand 
but a death rate of 32.5, or a rate of increase of only 0.75 percent per 
year 

A leading authonty on Chinese population, L A. Orleans (1969, 1972, 
•974), agrees with 1 6 percent per year for 1953-58 but estimates much 
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TABLE 1 

China’s Population 
A Population Increase (% per Year) 



Orieans 

Oark 

Compromise 

1953-58 

1 6 

1 6 

1 6 

1958-65 

1 4 

04 

09 

1963-70 

1 4 

1 1 

1 25 

1970-75 

1 3 

I I 

1 2 


B Midyear Population Estimate* 


Population (in Millions) 


1953 

583 

19)8 

635 

1963 

664 

1970 

724 

197) 

768 


* Bavpd OQ 1933 census and compromise rales of increase 


less decline in the rate of growth m 1958-63 Since 1963, falls m the 
mortality rate, he estimates, have been matched by a decline in births 
There is certainly evidence that there has been an active campaign for 
family limitation, first in the cities (partly perhapis in view of an acute 
shortage of housing) but now m the countryside also (tabic 1) 

Higher figures have certainly been quoted, but there has been a 
general tendency to revise them downward (see table 1) “For five years 
[after 1957] official Chinese statements used a constant figure of 650 
million. This was raised to 700 and eventually to 750 million, but the 
editorial published in the People's Daily on New Year’s Day 1970 reverts 
to quoting a figure of 700 million” (Klatt, private communication) Field 
(1970a) prepared estimates for each province and large city for 1970, 
totalmg 729 million, very close to the above estimate (he also quotes the 
official estimates for 1937, totaling 650 million, but piomts out that these 
were based on assumed growth rates since 1953 averaging 2 percent per 
year, which was too high) 

Some kind of national register has always been in existence, and there 
may have been an attempt to bring it accurately up to date for use as a 
basis for population estimation in 1964, though Klatt (private com¬ 
munication) considers that such action was limited to a few loctdities. 
“On 27th August 1972 Premier Chou £n-lai told us that * census was 
taken m 1964^5 recording around 700 million, with natural increase 2% 
per year” (Chen 1973). Possibly he meant a national estimate based on 
sample surveys “Brigades” visited in rural China m 1972 averaged a rate 
of natural increase of 1 8 percent per year, as against 1 2 percent in 
Peking and 0.7 percent m Shanghai m 1971 (Brown 1973; Chen 1973). 
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Field (1970<i) considers that these estimates refer to mid-1964, and 
gives provincial and principal city estimates totaling 711 million for that 
date 

However, Chairman Mao told his old fnend Edgar Snow that the 
population in 1964 was “much below 680 million” (Snow 1965) 

“The Chinese Government itself is without population data,” writes 
Orleans (1972, p 34) This was shown by a very frank interview gpven 
by Vice-Premier Li Hsien-Nien to a correspondent of a Cairo newspaper 
in November 1971, in which he states that different government depart¬ 
ments had given him estimates ranging from 750 to 830 million “However 
the Planning Department insists that the number is less than 750 million” 
(Chen 1973) 

It is difficult to see how the Planning Department can do any planning 
if It does not even know the size of the population for which it has to 
provide 

The same vice-premier gave an estimate of 750 million for 1970 to a 
party of Japanese visitors (British Broadcasting Corporation 1972) 

Calorie requirements vary with climate, body weight, the amount of 
hard physical work done, and the propiortion of children in the population 
(Clark and Haswell 1964) In Southeast Asia, with small-bodicd 
populations, in a hot climate, not engaged in hard physical work through¬ 
out the year, calorie requirements may be as low as 1,650 per person per 
day In northern China, on the other hand, where each of the above 
conditions is reversed, the figure rises to about 2,000 for China as a 
whole we may take a figure of 1,900 

In companng these figures with calories actually available, we must 
take into account a limited amount of unavoidable wastage in food 
storage, preparation, etc 

Buck (1965) made a careful comparison, taking full account of crops 
used for seed, fodder, and other purposes, and not available for human 
consumption, between his own previous results for 1929-33 and the 
information for 1949-58 Even in this comparatively favorable period, the 
average Chinese was much worse fed than before the Revolution Average 
calories had fallen from 2,410 to 2,107 
If we accept the official Chinese figures, which show harvests at a low 
level in 1949, rising progressively through the 1950s, we have to deduce 
(Liu and Yeh 1961) that the Chinese were living on 1,190 calories per 
head in 1949, at which level, if continued for any length of time, they 
would certainly have died Understating past figures in order to show a 
spuriously high rate of growth subsequently is one of the favorite devices 
in that well-known textbook How to Lm with Slattstus. The official 
figures rose gradually but still stood at only 1,830 in 1957, rising to a 
sudden peak of 2,440 in 1950. KJatt (private communication) estimates 
(after adjusung hu population figures to thqse given above) as follovn: 
for 1952-53, 1,950 calones per head per day; 1957-58, 2,000; 1965-66, 
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TABLE 2 


Aowcultural Production (Miluon* or Ton*), 1958-65 



1958 

1959 

1960 

1961 

1962 

1963 

1964 

1965 

Gram* 

204 

170 

160 

165 

178 

183 

195 

193 

Cotton 

2 1 

24 

1 4 

1 i 

1 1 

I 2 

1 2 

1.2 

Soya beam 

10 It 


5.7 

55 


78 

69 

6.8 

Groundnuts 

2 6t 





1 9 

2 3 


Sugar 

09 

1 I 

09 

B7 

05 

05 

1 I 

1 5 




Swamy’s (1973) Estimates^ 



Soya beans 

105 

11 5 


55 

6 

65 

7 

75 

Fi^rs 

2 10 

241 


1 10 

I 05 

1 22 

1 61 

1 85 

Oil seeds 

4 24 



2 3 




34 

Other nonfood 




5 93 




11 7 


* [acluding orv^aic equivalent of root cron 
+ 1957 

) For noucereal crop*, Swainy (1973) quote* the official figure* for the 1950* and aJto give* the eatunatea 
•bown ID the table 


2jl00, 1970-71, 2,225 Even with the recent improvements, however, 
food consumption standards are still far below those of 1929-33 

In the hungry period which followed “The Year of the Great Leap 
Forward,” food supplies fell to famine levels (Clark 1965) of 1,800 
calones per day or less The worst cases of refugees reaching Hong Kong 
m the preharvest hunger period m 1961 reported their average family 
consumption per head as 1,150 for urban families and only 900 for rural 
(privately communicated results, which m the first place were per adult 
multiplied by a factor of 0 7) 

The loss of agricultural production caused by "The Year of the Great 
Leap Forward” was catastrophic Even by 1965, the 1958 output had not 
been recovered—by which time population had presumably substantially 
increased (Current Sceru, various issues, and contemporary reports) 
(table 2) 

Since 1965, the improvement in agricultural production has been at a 
rate higher than the rate of population growth (Current Scene, various 
issues) The “Cultural Revolution,” which severely damaged industrial 
productivity, had little effect on the countryside (table 3) 

According to Swamy (1973), Chou En-lai informed Edgar Snow, in a 
personal interview, that in 1971 Chma had a grain reserve stock of 40 
milhon tons “Economic Indicators for Chma” (1974) gives gram output 
throughout this period as some 10 percent higher—perhaps to match that 
publication’s higher population estimates Its estimates fior cotton are 
also 300,000-500,000 tons higher 

In comparing these figures with the improvement in per head calorie 
supply at the rate of a little over I percent per year estimated by Klatt 
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TABLE S 


AoMouLTiniAL Proovotion (MauoM or Tom), 1965-73 



1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

Gram* 

193 

190 

200 

20 s 

20 s 

225 

225 

215 

228 

Cotton 

1.2 

1 6 


1.7 

1 6 

1 7 

1.7 

1 4 


Soya beans 

68 

68 

69 

65 

62 

6.9 

67 

63 

6.7 

Groundnuts 



23 

22 

23 

2.6 

26 

24 

2.6 

Rapeseed 



0.8 

08 

07 

08 

0.8 

t 0 

1.1 

Sugar 

1 5 

I 6 

1 7 

I 8 







* Indudinc ffriiin equiv«len( of root cropr 


(see above), U must be remembered that a proportion of the output of 
agriculture is required for industrial raw materials and for exports 

One of the principal factors in this improvement was a greatly increased 
use of chemical fertilizers This will be unwelcome news for some admirers 
of China, namely, the cranks who believe that agriculture needs only 
“organic fertilizers” and commend the Chinese as examples to the world 
because of the large quantities of night soil, duckweed, pond mud, etc., 
which they spread on the soil with such great labor The Chinese also 
supplemented their own production of chemical fertilizers by using some 
of their limited supply of foreign exchange to import all that they could, 
principally from Japan (table 4) 

('hinese fertilizer policy has been much more rational than that of 
India, which botched both production and import of this vital require¬ 
ment India consequently is experiencing only slowly nstng agncultural 
output and continued hunger Swamy (1973) admits this point regarding 
fertilizers (and also considers that China has made more efficient use of 
Its capital resources and of the possibilities of handicraft production than 
has India, even though his general conclusion is that India’s economic 
growth per head of population has been more rapid than China’s over 
the last two decades) 

There is unfortunately considerable diversity in the esumates of the 
amounts produced and used Field’s figures (1970^) of production, which 
are much lower than Rawski’s (1973ft), apparently refer to nitrogenous 
fertilizers only 

Also, unfortunately, wc lack knowledge of the composition of the 
fertilizer supply (nitrogenous, phosphatic, and potassic) and hence trf its 
expected marginal productivity A kilogram of pure nitrogen is expected 
to yield 10 kilograms addkional output of grain, a kilogram of pure 
phosphorus pentoxide, little less The pnncipal nitrogenous ferulizer 
used, ammomum sulphate, contains only 20 percent nitrogen, but urea 
(now increasingly used) contains 46 percent, and superphosphate, the 
principal phosphatic fertilizer, contains a little over one-third pho^horus 
pentoxide Swamy (1973) estimates the marginal return in grain fw the 
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TABLE 4 

Chemical Fertiuzeiu {Mnxiom of Metric Tons) 


Year 

Production 


Supply (including Imports) 

“Economic Indicaton 
for China” (1974) 

Rawaki 

(1973i) 

“Economic Indicators 
for China" (1974) 

Chao 

(1970) 

Swamy 

(1973) 

1952 

02 


04 


0 32 

1953 





0 59 

1954 





0 80 

1955 





1 26 

1956 





161 

1957 

08 

09 

1 9 

1 9 

1 94 

1958 

1 4 

1 2 

30 

27 

2 72 

1959 

I 9 


3 1 


2 93 

I960 

25 

25 

35 

34 

3 67 

1961 

1 5 


25 


354 

1962 

2 1 

30 

3 1 

40 

4 22 

1963 

3 1 

4 2 

5 1 

6 0 

5 11 

1964 

42 

59 

54 

70 

600 

1965 

57 

89 

80 

10 9 


1966 

74 

116 

99 

13 9 


1967 

59 


102 



1968 

82 


122 



1969 

11 3 


154 



1970 

14 0 

14 0 

IS 3 



1971 

16 9 

168 

21 2 



1972 

199 


24 I 



1973 

24 8 


28 9 




whole feruhzer input at five, but three would probably be a more correct 
figure 

For the later 1960s, as against approximately 4 nulbon tons annually 
of imports, Rawski (1973i) estimates 8 million, costing US$200 million 
per year Judging from the price, this must have consisted mamly of 
phosphabc rather than rutrogenous fertilizers 

The most recent information {Nihon ketzat shimbun 1975) indicates that 
impiorU from Japan alone for the half-year to June 1975 will include 
600,000 tons of urea and 166,000 tons of ammonium sulphate, that is, 
312,000 tons of pure nitrogen equivalent at a price exceedmg $160 
million 

On this basis we might have expected, between 1957 and 1973, a nsc 
m output, due to feruhzer apphcations alone, of as much as 81 nullion 
tons of grain. The increased output of grain over this pieriod was estimated 
above at only 43 million tons (65 milhon tons on the “Economic 
Indicators for China” [1974] estimates) The increased output of other 
crops, converted to economic grain equivalents, probably did not exceed 
10 million tons. It does not appear that the efficiency of the Chinese in 
the application of fertihzers has been as great as Swamy gave them 
credit for. 

There has been another important factor m the recovery of Chinese 
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agriculture, which will also give pain to many of China’s admirers, 
namely, the restoration of private plots, which were conceded as the 
excesses of the Cultural Revolution died down. Their average sizes have 
been given (Walker 1965) in square meters per household as 483 square 
meters pter household in northern China, 154 in western and central 
China, and 87 m southern China These figures related to the mid 19508 
Since then, they were probably reduced in “The Year of the Great Leap 
Forward" but subsequently raised again 
These differences in average size are to some degree offset by the 
warmer and more humid climate of the south, where multiple cropping 
IS possible The private plots are largely used for growing vegetables, at 
yields which Walker estimates at 37 tons per hectare Even allowing for a 
75-80 percent water content in vegetables, these yields are much higher 
than the 3 tons of rice or 1 ton of wheat obtainable per hectare in farming 
These small private plots—as in Russia—are now estimated (“Private 
Plots” 1971) to be providing 25 percent of the entire agricultural output 
Another important concession to free-market principles has been that, 
in place of universal price planning, “provincial and local commerce 
departments arc now empowered to vary prices according to product 
quality, supply and demand” (“PRC Economy in 1973” 1974) 

The number of tractors is gradually increasing, and they sufficed for 
8 percent of the cultivated land in 1965 Swamy (1973) gives the following 
estimates, in millions of horsepower for 1952, 0 03, 1953, 0 04, 1954, 
0 08, 1955, 0 12, 1956, 0 30, 1957, 0 56, 1958, 0 69, 1959, 0 90, 1960, 

1 22, 1961,2 23, 1962,3 6, 1963,5 2, 1964,7 0 
Kang Chao (1970) confirms a serious loss of cultivated land (through 
mistaken imgation works, etc) from 113 million hectares in 1957 to 
102 million in 1963-65 About 40 percent of all land was double-cropped, 
but a similar propiortion had been doublc-croppicd in the 1950s 
Meat, eggs, and fish play only a small part in the Chinese diet, and 
dairy products none at all It is said that, for some unknown physiological 
reason, the southern (though not the northern) Chinese (together with 
some Southeast Asian picoples) lack the enzyme lactase (except in infancy) 
and so have difficulty in digesting milk and dairy products (Liu and Yeh 
1963, C;lark 1965, Klatt 1967) (It is said, however, that Chinese lose 
this disability when they emigrate and that it may be environmental 
rather than genetic.) Meat, fish, and eggs (valued at international 
prices) constituted 13 percent of food production in 1929-37, 17 percent 
m 1952, and 19 percent in 1957 

The number of draft animals reached a peak (State Statutiqal Bureau 
1960) in 1956 at 66.0 million cattle and buffalos, 7 4 million horses, and 
13 4 million mules and donkeys, or 86.8 million in alt, but was already 
declining by 1959. Draft animals, it must be remembered, will not and 
cannot work unless well fed, which means that they have to compete with 
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humans for the limited supplies of grain and root crops because there is 
little grazing or fodder crop cultivation in China So m times of food 
shortage they are of little value and often have to be slaughtered Ishikawa 
(1965) considers that the total number of draft animals was only 50-60 
milhon in 1965, though Klatt (1966) thinks that by then the 1957 cattle 
numbers had been recovered The number of pigs, which provided about 
60 pierccnt of the meat supply in the 1950s, rose (State Statistical Bureau 
1960) from 90 million in 1952 to 146 million in 1957 In 1965 the Soviet 
Encyclopaedia estimated their numbers again at 150 million, and Wenmohs 
makes a similar estimate (1967) Klatt and Ishikawa raise the figure to 
180 million Wenmohs considers that after 1965 pig numbers dechned but 
other livestock increased The numbers of sheep and goats in 1967 were 
still much below their 1959 level of 112 5 million (Wenmohs 1967) 

The evidence about livestock products is very inadequate, but it seems 
unlikely that there has been any signihcant improvement in per head 
supplies since the 1950s 

The available information on the output of industry and construction 
calls for an analysis of some complexity 

Figures of industnal producUon, usually stated in yuan of a constant 
1952 purchasing power, are confused by the Chinese custom (borrowed 
from the Russians) of including all output gross If we include yam and 
cloth, coal, pig iron, steel, and machinery, all at their gross values, we 
will have been guilty of a great deal of duplication (or tnplication or 
quadmplication) of the values of some products. Nor is it safe to assume 
that the degree of duplication is approximately constant, so that the 
duplicated values at any rate can be used to give an index of true net 
output—as industry develops and becomes more complex, the degree of 
dupheaUon mcrcases Thus Rawski (1973a), using a 1952 base of 100 
gross output, quotes a figure of 241 for 1957, but Kang Chao estimates 
that, on a properly constructed index number (Chao 1963) weighted by 
net outputs, it rose only to 186 Rawski, however, acquits the official 
figures of the charge of another, more subtle statistical offence (which was 
at one time widely practiced m Russia), namely, entenng new, and 
rapidly growing, industries at anomalously high prices, so as to overstate 
their relative contnbuUon to the total. 

Rawski was able to obtain figures for all industnal producUon in 
Shanghai (some 20 percent of all Chma), which he considers mdicative 
of production in Chma as a whole These arc compared with properly 
compiled index numbers (Field 19704; Cheng 1973) (see table 5) 

Pericins (1967, 1971) esUmates net output free of duplication, also in 
yuan of 1952 purchasing power. His totals agree with other index 
numbers. For 3 years he also provides a subdivision into classes of goods. 
Rawski also gives indexes (some of them from provincial sources) of the 
output of consumpdmi goods, again m gross terms. However, if we make 
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TABLE 5 


iNDUmUAL PRODUCTION 



1957 

1965 

1970 

1971 

Shanghai production (biUiona of 1952 
yuan) . 

12 8 

27 3 

43.6 

47.5 

Above expreaacd as index number 

100 

213 

340 

371 

Field-Cheng index number 

100 

153 

230 

253 




TABLE 6 





Analysis or Industrial Output 





1952 

1957 

1965 

1966 

1970 

1971 

Net output in billions of 1952 







yuan (t'erkins 1967) 
“Producers’ goods'* 

3 15 

II 07 

22 




Minerals 

1 47 

3 07 

5 




Consunnption goods 

330 

4 92 

10 




Handicrafts 

4 72 

538 





Total 

126 

24 5 

37 

41 



Above expressed as index 







number (191)7 = 100) 

53 

too 

151 

167 



Chao-Field-Cheng index 

58 

too 

153 

167 

229 

252 

Ratio of consumption goods 
to all production, 1957 base 







(Rawski I973fl, 1973i) 

Index of consumption goods 


1 00 

0 69 


086 

090 

output (product of last two 
lines) 


too 

106 


197 

227 


the perhaps less impermissible assumption that the degrees of duplication 
in consumption-goods output and in general production are not 
necessarily the same, but only that they are rising at the same rate, we 
can obtain the change in the ratio of consumption goods to total output 
(sec table 6) 

So calculated, the consumption-goods output for l%5 shows a rise of 
6 percent over 1957, as compared with Perkins’s fall of 3 percent Perkins’s 
rise of 28 percent between 1952 and 1957 may be compared with a rise 
of 25 percent in consumption other than food and rent over this period, 
estimated by me by an entirely different method (Clark 1965). 

The industrial production index includes the output of certain 
construction materials (cement, timber, structural steel), but it is 
convenient to include at this stage the whole product of the construction 
industry. 

Between 1952 and 1957 cement output (priced at 85 yuan per ton) rose 
from 0 24 to 0 56 billion yuan, and timb^ output (Stanlc^ Research 
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Institute) from 1 22 and 1 95, or from 1 46 to 2 53 billion 1952 yuan 
taken together 

Gross values of construction were estimated as shown below (billion 
yuan at current prices) 



1952 

1953 

1954 

1955 

1956 

1957 

Hollister (1958) 

Liu and Yeh (1963j 

5 45 

5 17 

784 

8 67 

948 

15 18 

12 31 

Ishikawa {1%5) 

3 71 

6 51 

7 50 

8 63 

13.99 

1264 


We must reduce the 1957 figure to allow for a rise in prices since 1952 
(which Hollister estimates at 11 4 percent), the results, in billions of 1952 
yuan, are shown below 



1952 

1957 

Cement and timber output 

1 46 


Gross value of construction 

5 45 


Ratio 

37 



This high and rising ratio represents (1) wages of construction workers, 
which we would expect to be relatively low in China, (2) locally produced 
bncks, tiles, thatch, etc , not included in the statistics of industrial 
output, (3) other industrial products included in construction (glass, 
nails, paint, etc ) In estimating the amount to be added to the industrial 
production figures in order to mclude all construction, we must take 
account of items 1 and 2 but not 3 

In 1957 there were 14 5 million handicraft workers and 2 4 million 
construction workers (Lau and Yeh 1963) According to Perkins’s table 
(1967, p 41), the former had a net output of 5 38 billion 1952 yuan, or 
370 per head We may assume, though this is open to question, that the 
construction workers were much more skilled and better eqmppied than 
the average handicraftsman. But even if we double the hgure for net 
product per head, this only gives us a net product of 1.8 billion yuan. The 
use of locally produced materials, however, may be expected to be 
substantial. It will be assumed that the value of other industrial products 
used in construction equaled that of cement and timber, leaving (m 1957) 
6 24 billion to represent construction wages plus use of local materials, or 
2 46 tunes the value of timber and cement output The outputs of these 
two commodities are the only indicators at present available for later 
years, and we will muluply their ccanbined sum by 2.46 to obtain an 
estiinate of net value added in construction. 
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TABLE 7 


Oinwr OP Industky and CoNrntuortoN (Biluoni of 1952 Yuan) 


Year 

Oumut of 
Incliutry 
and 
Hand¬ 
icrafts 

Including 
Net Value 
Added in 
Construc¬ 
tion 

Machinery 

Production 

(including 

Defense 

Equipment) 

Gross 
Value of 
Construc¬ 
tion 

Output Not 
Machinery 
or Construc¬ 
tion 

Con¬ 

sumption 

Goods 

Balance 

19S7 

24 5 

307 

62 

11 3 

132 

10 3 

29 

1958 

32 1 

40 I 

II 1 

14 4 

14 6 



1959 

407 

500 

15 6 

16 7 

17 7 



1960 

405 

480 

18 9 

136 

155 



1961 

25 8 

31 7 

94 

106 

11 7 



1962 

26 0 

32 2 

7 5 

11 2 

135 



1963 

29 0 

36 1 

90 

12 8 

143 



1964 

32 9 

405 

10 4 

13 8 

16 3 



1965 

37 6 

46 1 

14 6 

15 3 

162 

10 9 

53 

1966 

43 2 

52 1 

17 5 

16 1 

185 



1967 

34 5 

42 4 

14 0 

14 3 

14 1 



1968 

42 0 

50 5 

17 5 

153 

177 



1969 

49 6 

(59) 

21 4 

(16) 

(216) 



1970 

56 3 

(66) 

24 5 

(17) 

(24 5) 

20 3 

42 

1971 

62 0 

(72) 

28 9 

(17 5) 

(25 6) 

23.4 

22 


The apportionment of output in table 7 is based on Perkins’s table 
Output of industry and handicrafts is from the Field-Cheng indexes 
(Field 19705, Cheng 1973), and that of machmcry, etc , from Cheng 

(1973) 

The balance shown in table 7, after deducting consumption goods, 
should represent exports, stockpiling, and government purchases of goods 
other than capital goods or defense equipment 

Allowing for the uncertainty of all the figures, this is probably about 
as good an apportionment as we can get of the uses of the final output 
of industry and construction 

Mainland China, for its size, has in recent years done very hitle 
international trade—about as much as Taiwan Even in an earlier 
period, when China was not free to pursue independent economic 
policies, Hou (1963) estimated that the volume of exfiort trade was 
expanding at the rate of 2.4 percent per year—below the world average— 
between 1867 and 1932 Eckstein (1973) estimated that not until 1955 was 
the 1928 volume of international trade recovered There was a rapid 
expansion of international trade (at that ume largely with Russia) up to 
1959, followed by a heavy fall consequent upon the agncultural collapse 
of the early 1960s 

Nonagricultural exports (largely textiles) rose from $0.5 billion in 1955 
to $1 2 billion in 1959, smee then, they chsmged little for some years but 
have risen again recently. The fall in exports in the early 1960s and their 
subsequent recovery were both due to changes in agncultural exports 
(sec table 8) ^ 
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TABLE 8 


Ikternahonai. Trade (BnxioNa or USS) 



1955 1959 

1962 

1966 

1972 

Imports 

1 31 206 

1 15 

2 14 

2 77 

Exports 

1 43 2 23 

1.52 

2 21 

2 95 

Composition of imports (^o) 





Machinery and equipment 

27 0 47 0 

10 5 

21 0 


Agricultural products 

75 114 

43 3 

29 0 


Agncultural products as “o 

of 




exports 

C6 2 46 9 

23 3 

55 6 

60.0 

SouRCaa,—Chen^ (1973)—3B niimjites, Eckitem (1973)—44 mmiate* 




TABLE 9 




Aoricdlturau Imports (Miluons or Tons) 



1969-70 

1970-71 1971-72 

1972-73 

1973-74 

1974-75 

Gram 5 1 

3 7 30 

6 1 

92 

90 

Soya beans 



0 7 

05 

Cotton 0 07 

0 10 0 15 

0 42 

0 45 

03 


At one time, external resources were used as far as possible for the 
purchase of machinery and equipment, but in the near-famine conditions 
of the early l%0s they had to be diverted to food imports, principally of 
wheat. Since 1961, gram imports have ranged between 3 and 9 nullion 
tons per year Against this, Chma has maintained rice exports (except for 
J961 and 1962) at the rate of about three-quarter million tons per year, 
but these had only been returning (until the recent sharp nsc in rice 
prices) about $100 rmllion per year The agricultural products, which 
still constitute some 60 piercent of China’s expiorts, consist mainly of 
oilseeds, tea, etc Food sold to Hong Kong (which relies pnncipially on 
mainland China for fresh meat, vegetables, etc.) constitutes a substantial 
element in the Chinese export total. 

Since 1971 Chma has also become an importer of cotton, and grain 
imports have been nsing (sec table 9). 

Acccardmg to one estimate (“PRC Economy in 1973’’ 1974) China’s 
international trade increased by 84 percent in value in 1973, mainly as a 
result of price increases 

“Economic Indicators for China” (1974), however, makes a much 
lower estimate, of exports rising to $4 billion and imports to $4.5 billion. 

In addition to Hollister’s pioneenng study, several more recent attempts 
have been made to express China’s entire national product in terms of 
U.S. doilan (table 10) 

Except for “Economic Indicators for China," which specifies dollars of 
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TABLE 10 

CMiNEtE Grom National Prodvot (Biluoni or US$) 


Year 

“Economic 
Indicators 
for China" 
(1974) 

Klatt 

(1973) 

World 

Bank 

Atlas 

Tobin 
Ichimura (1974) 

U S Congreu 
Joint Economic 
Committee 
(1968) 
(Factor 
Incomes) 

Eckstein 

(1966) 

SWamy 

(1973) 

(Billion 

Rupees) 

1952 

64 

40 






126 0 

1957 

88 

55 




65 

40 

1602 

1958 

102 

66 






177 0 

1959 

96 







172 6 

1960 

94 



388 



50 

145 3 

I%I 

79 







158 6 

1962 

88 






42 

166 3 

1963 

93 







179 5 

1964 

103 







195 0 

1965 

114 

70 

85 


80 

73 3 


198 6 

1966 

122 







200 8 

1%7 

119 



50 





1968 

118 


78 






1969 

130 








1970 

147 

90 



112 




1971 

159 








1972 

161 








1973 

172 









1972 purchasing power, and Eckstein (1966), who indicates dollars of 
1961 purchasing power, it appears that each author was thinking m 
terms of the value of the U S dollar at the time he was wnting, not its 
(higher) value in any past year to which he referred 

Tobin (1974) begins by observing that the current exchange rate of 
$0 45 to the yuan “if anything understates the dollar value of the yuan 
in buying a Chinese market basket ” He then applies this rate to value 
China’s “material product’’ at $90 billion, to which he adds $12 billion 
for services (including government), occupying an estimated 10 percent 
of the labor force, and a further $10 billion for imputed rents of dwellings, 
free hospitalization, etc 

Tobin pointed out that 80 percent of the population was still rural, but 
estimated that agriculture contnbuted only 40 percent of the naaonal 
product (He did not refer to industrial and constructional activities also 
tarried on by rural communes, perhaps, however, they do not add up to 
too much ) Klatt (1970) makes agneuiture contnbute 45 percent of the 
national product in 1952, 40 percent in 1957, 31 percent in 1965, and 
only 29 percent in 1970. Eckstein (1973) gives similar figures, he estimates 
75 percent of the labor force in agriculture in 1970 

However, for international comparisons these figures arc much too low, 
principally because of the low valuation which they put on agricultural 
production. It is true that the physical productivity of Chinese agriculture 
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is low But we must give it credit for the fact that, since most of the food 
IS produced and consumed in the same village, Chinese agriculture does 
not incur the costly processing, transport, packaging, and distnbution 
charges which anse in the advanced countries For fair comparison, 
therefore, we should value Chinese food supply at U S retail prices, if we 
wish to revalue the national product in dollars (This has an additional 
effect in raising the Chinese valuation, in that prices of vegetables and 
animal products, relative to staple grains, are considerably higher in 
the United States than in China ) 

Using the above method, and all other information available of the 
purchasing power of the yuan relative to dollars over different types of 
goods and services, I obtained valuations (much higher) of the Chinese 
national product in 1933 and in 1950-59 (Clark 1965) The unit was the 
purchasing power of the U S dollar in 1950 (this year was chosen because 
It was the base year for the well-known Gilbert-Kravis international 
compansons of the purchasing power of different currencies) If we wish 
to reexpress these results in 1974 dollars, we must multiply by approx¬ 
imately 2 1 

However, the estimates published in 1965 need revision in three 
respects (1) Vegetable supplies (following Hollister 1958) were estimated 
at only 15 million tons for the 1950s Klatt (1967) estimates fruit and 
vegetable supplies in 1966-67 at 50 million tons, or approximately 70 
kilograms per head (At the yield of 37 tons per hectare mentioned above 
for at least the more productive plots, only 1 3 percent of the cultivated 
land would suffice to produce 50 million tons Indeed, if [as now appears 
to be the case] private plots amount to over 5 percent of the cultivated 
land, and if the) are largely used for vegetables, even the estimate of 
50 million tons may be too low) Ishikawa (1965) reports average 
consumption by Shanghai workers’ families (whose real incomes, however, 
were above the national average) at 97 kilograms pier head per year The 
calculations were therefore adjusted to raise estimated vegetable con¬ 
sumption in the 1950s (and also in the 1930s) to 45 million tons per year 
(2) Gross investment (i e , before depreciation) is substituted for net 
Gross investment in machinery production is also revised upward in view 
of Cheng’s (1973) estimates, though Hollister’s conversion factor of 0.18 
from 1952 yuan to 1950 dollars is retained (3) The purchasing power of 
the yuan for consumption other than food or housing was previously 
given (Clark 1965) at $1,620 of 1950 purchasing power for 1955 (base 
calculation) adjusted for other years between 1930 and 1958 by the 
general retail price index, with a 1953-58 average of 0 619. The evidence 
on which this was based was limited, and it is now estimated that it 
should be raised by a factor of 1 52, in the hght of table 11 (Japanese 
price compansons quoted by Swamy [1973]) 
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TABLE 11 

PuRCHASiNO Power (Comsumption Not Food or Hoviino) op the Yuan, 

195S-58 


Yen 1953-58 Yen 1960* Yen 1960t Yen 1953-58^ Yuan 1953-58 


Yuan 1953-58 

1960$ 

1950$ 

1950 $ 

1950$ 

Weights 

Clothing 

59 

182 

206 

209 

0 282 

0 427 

Fuel 

Other 

556 

285 

344 

320 

1 74 

0 277 

goods 

Services 

Weighted 

mean 

16011 

167 

194 

00 

109# 

0 928 

0 296 


* Japan hcoaottnc Htstarck Catmetl Hulinin, vol 12 (I96J) «nd Kumano (1961) (for consumer durables) 
t Previous column a<l|usted by U S national product deflators 
i Freviuus column adjusted by Japanese national product deflators 
g Liu and Yeh (1963, table 10) (for 1932) 

II “Daily necessaries," roniunier durables and "cultural" combined wah weights I 1 2 
41 Previous column combined with the following weights 2 for goods, I for services 


TABLE 12 
Food Supplies 



Millions ol Tons, 
1966 67 

Billions of 

Dollars of 1950 
Purchasing Power, 
1966-67 

1970 

Rice* 

77 5 

9 6 ) 

1 


Wheat* 

24 5 

39 1 



Other cereals* 

33 0 

4 32 



Potatoes 

48 0 

1 15 

1 


Soya beans 

10 5 

3 20) 



Sugai 

1 5 

0 34 



i roll 

it 

3 0i 



Vegelablts 

4 it 

97 


33 7 

Meat and poultry 

7 

i2i 



Yxsh and eggs 

(> 

4 5 



(Jiis and fats 

3 5 

28 



Total 


47 87 


542 


* Unmilled weight 

t Arbitrary apfxirtionmcnt of Kiatt’s 50-niillion-iOfi total 


Klatt (1967) presents a food balance table for 1966-67, taking into 
account imports, exports, seed, waste, fodder use, induslnal rcquiremenis, 
etc , from which a valuation can be made in 1950 dollars for 1966-67, 
and a furtlier very approxirhate valuation for 1970 (sec table 12) 
Available indications show 1965 supplies as about the same as in 
1966-67 A valuation has also been made for rural fuel, in which the 
villages supply most of their minitnum requirements without purchasing 
hom industry Buck (1964) estimated that the average Chinese farm 
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family, in addition to supplying 83 percent of its food and the whole of 
its housing requirements, also provided 89 percent of its fuel, 18 percent 
of Its clothing, and 5 percent of its furniture. 

The purchasing power of the yuan is particularly high in residenUal 
construcuon, where the pi-oductivity of labor docs not differ from that of 
the advanced countries as much as it does in manufacture and agriculture. 
In this sector the purchasing power of the yuan in the 1950s was estimated 
at $1 5 of 1950 purchasing power (Clark 1965). 

We can now revise the estimates published in 1963 (Clark 1965) (to 
convert investment from net to gross, to make an increased allowance for 
vegetable production, and to include a rev ised valuation of the purchasing 
power of the >uan over consumption other than food and housing) and 
bring them approximately up to date (see table 13) 

In the first place, food supply per head, even in the best years of the 
1950s, had only just recovered to the 1933 level, and since then has been 
below It, in l%0-63 far below it 

National product per head as a whole is shown in figure 1 Some of the 
years of rapid growth represented nothing more than recoveries from the 
economic disaster of “The V'ear of the Great Leap Forward” and the lesser 
setback of the Cultural Revolution, and cannot therefore be taken as 
indicative of the general long-period rate of growth This may be gauged 
by comparing product per head in 1970-71 with 1951-52, or with 1933— 
namely, I 9 and 2 Opcrcent, respectively, per head peryear (compounded). 

These rates of growth are much below the rates usually claimed, and 
below the average rate of growth of most other developing countries 
Finally, we may check these results against such information as is 
available on wages and prices 

There has been some discussion as to whether there has been any pnee 
rise m China The prices analyzed below, however, indicate (for goods 
other than food or rents) a rise of only about i percent per year 
A black market did indeed develop in the 1950s {China News Analysts 
1956), when the official price of nee in South China was 0 26 yuan per 
kilogram, but black market nee on one occasion was selling at 0 9 yuan 
per kilogram. We are also given a rare example of the Chinese sense of 
humour. “The man in the shop said ‘This shop is Chairman Mao’s, 
therefore we have no fish, but go to Liu Shao-Ch’i’s, he may have some.’ ” 
From recent information (from a pnvatc source) on retail prices in 
China, we can value Chinese pnvatc consumption expenditure on 
nonfood goods and services in terms of current (or 1950) U S pnccs The 
bases from which the U S general consumer pnee index is calculated are 
not published in a form convement for comparison Base U S. prices (for 
1971) are therefore taken from detailed tables of “Pnccs Paid by Farmers’’ 
(U S. Department of Agnculturc 1972) As the Chinese specifications did 
not directly fit the U S base data, a “bndge” was obtain^, using current 
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Aiistralian retail pnccs Thus for furniture Chinese data for eight 
commodities (single and double beds, chair, cupboard 2 x 1 meters, 
mat, double mattress, stool, and table 15x15 meters) were matched 
against Australian prices of February 1975 to show a median ratio of 
1 15 Australian dollars per yuan Coal bunung cooking stoves were 
specified in China but are no longer on the market in Australia Then an 
Austrahan-U S comparison was made on different (higher-quality) 
specifications of innerspring mattresses and box spnng sets, bedroom 
sets, hvmg room sets, dining room sets, and upholstered lounge chairs, 
showing a median ratio of 1 23 Australian dollars (1975) per U S. dollar 
(1971), indicating the purchasing power of the yuan in this sector at 
US$0.93 of 1971 purchasing power (table 14) 

Medians rather than averages are used throughout, as they are less 
affected by extreme values and specification errors. For services, direct 
U.S. price information was taken from a Utfiled Nations document 
(United Nadons 1971) referring to New York in November 1969, and 
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TABLE 14 


International Prior CoMPARnoNt 


No of 

Gommoditiei 
for which 
Chincae Pricei 
Available 

Median. 
Australian $/ 
Yuan 

Median. 
Australian S/ 

US$ 

US$/ 

Yuan 

Weights* 

Goods 






Clothing and shoes 

21 

099 

1 64 

060 

0 427 

Fuel 

5 

1 38 

1 80 

0 77 

0 277 

Furniture 

8 

1 15 

1 23t 

0 93 

0 018 

Minor household 






equipment 

29 

060 

090 

0 32 

0 038 

Tobacco 

1 

1 .59 

1 54 

1 03 

0 064 

Other recreation 

15 

0 59 

1 43 

041 

0 042 

Household textiles 

7 

0 45 

1 52 

0 30 

0017 

Toilet goods 

5 

040 

1 30 

031 

0017 

Total goods 






(weighted mean) 




0 657 


Services 

11 



77 

0 100 

Geiitral weighted mean 




1 362 



* The tiiapor Uemi, clothiug auii fuel, are from Liu and Ych 0^^ ^ 1952) For mrvicta, 

an arbitrary ntimate was made The apportionment of the remaining itema naa eatimaied from Indian 

eviiknre 

t Vor mechanical houaehoki equipment (not included m the ralculation.) the ratio waa I 32 


from some personal infoimation (to convert to 1971 values, the 1969 data 
were raised by approximately 10 percent) Postal and telephone services 
are comparatively costly in China, recreational services and hairdressing 
(as was to be expicctcd) extremely cheap There have been complaints, 
however, of hair cuts (normal charge 0 2 yuan) costing 1-2 yuan in a 
remote area in Sin Kiang (“Interview” 1961) Medical treatment is not 
free but is charged for at the rate of 1 5 -2 yuan (ibid ) Nor is schooling 
free, though it is clearly subsidized—Middle School students were 
charged 11 yuan pier term (“ ‘Who Is Mao Tsc-tung’’ ” 1962) From 
other sources, there arc indications that primary schools also charge fees, 
though at a much lower level—about 10 yuan per year mclusive of 
charges for books and stationery Rents for government-provided 
dwellings (“Workers’ Housing” 1956) averaged 5-10 pierrent of wages In 
the 19‘)0s there was still some private renting, rents averaging about 
20 percent of wages For food Middle School boarders are charged 
lOJ yuan per month, and in factory canteens {“Writer Returns” 1971) 
I'i yuan per month An earlier report (“The Janus-Face of Labour 
Conditions” 1956) also indicates textile workers without dependents and 
eaung in factory canteens spending 30-33 percent of their wages on food, 
that IS, 15-16 yuan per month m terms of wages of the 1950s. 

II we estimate that 50 percent of the urban population is working (i.e., 
an average of one dependent per worker), food for one adult and one 
child, on the above scales, would come to 29yuan per month. 
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This conflicts with the previous (Clark 1965) general estimate of urban 
wage-earning famihes spending 65 percent of their incomes on food (50 
yuan in terms of average earnings in the 1950s) Factory and school 
canteen food may, however, be below the average standards of con¬ 
sumption of the urban piopulation 

It IS interesting to observe the high purchasing power of the yuan over 
the most lalior-mtcnsive commodity (furniture) and, to a less extent, over 
clothing, as well as its extremely high purchasing power over services by 
U S standards Its high purchasing power over fuel, and still more over 
tobacco, IS the result of administrative decisions—in the latter case, not 
to tax the poor man’s principal recreation as severely as do the advanced 
countries 

We now need to relate these purchasing powers expressed in 1971 U S 
dollars to those in 1950 dollars previously used (see table 15) This means 
that the purchasing power (excluding food and housing) of the present-day 
^Tian, which was 0 657 for goods and 7 7 for services in terms of 1971 U S 
dollars, was 0 466 for goods and 3 5 for services in terms of 1950 U S 
dollars, or 0 769 in all, on the weights used above 
For 1953-58 (see above) its purchasing power was estimated at 0 928, 
that is, a pnee rise of about 1 percent per year 
We now consider the available information on earnings 
The belief that earnings in China show a high degree of equality is 
mistaken In the 1950s [PtopU's Daily 1956) average earnings of all wage 
and salary earners were 50 8 yuan per month, with the followmg range 
primary school teachers, 37 yuan, state farm workers, 44 8, Shanghai 
bank officers, 68 6, Shanghai municipal workers, 70 2, technical 
personnel, 88, and senior engineers, 216 

Regular building workers received 47 5 yuan per month, but casual 
workers in 1951-52 (excavating an average of 2 3 cubic meters per day) 
received only 0 8 yuan, equivalent to only 4 6 kilograms of wheat pier 
day—not much above a subsistence wage (Chao 1965, Ych n d ) 

The Indian Agricultural Delegation (Government of India 1956) of 
1956 rcjxjrted professors earning 250-400 yuan, craftsmen, 100, laborers 
and minor clerical workers, 35—not so different from the Indian scale of 
earnings Working hours were rcfxiricd at 10 per day, including 
“education” (8 hours’ work followed by 2 hours’ study, according to a 
party resolution of December 1958) for 306 days per year (The end of 
1958 was, however, a penod of extreme pohucal tension, and this rule was 
probably subsequently relaxed ) In the busy harvest season (which, 
however, docs not last very long) rural workers worked a 12-hour day. 

After “The Year of the Great Leap Forward” it appears that wages were 
reduced. A refugee coolie reported {Current Scene 1962). “At first I made 
40 yuan/month but my wages were cut until I wax oaiy earning 30 yuan/ 
month. I could carry 80 kilograms [!J Now I cm only carry 55-60.” 
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TABLE 15 

U S. PBSSONAL CONIUMPnON 




1950 



1971 


Current 

(Billions 

of$) 

At 1958 
Prices 

(Billions of $) 

Pnee 

Index 

Current 

(Billions 

ofS) 

At 1958 
Paces 

(Billions of $) 

Price 

Index 

Food and beveragci 

53 9 

63 2 

0 8M 

136 4 

103 4 

1 319 

Housing 

21 3 

26 8 

0 795 

992 

75 6 

I 311 

Other goods* 

78 6 

902 

0 871 

264 6 

2152 

1 228 

Servicest 

37 2 

50 3 

0 740 

164 7 

101 2 

1 627 

Total 

191 0 

230 5 

0 828 

664 9 

495 4 

1343 


* By dilTerenre from total 

t Excluding houting and certttn fucU recorded **$crvtceft *’ 


In 1970 It was reported (“China’s Economy in 1969” 1970) that average 
wages were still 50 yuan per month, but that there had been a great 
equalization, with maximum earnings now 100 yuan per month, in place 
of former figures of 150-250 This, however, conflicts with other 
information, showing average wages in Canton at 60-70 yuan pier month 
(“Writer Returns” 1971) and Tobin’s wider observation (1974) In a 
textile mill he found an average of 60 and a minimum of 35, with the 
higliest-paid manual worker receiving 100 and engineering and technical 
staff receiving 130-140 In an automobile workshop the lowest paid 
received 40, the most cxpiencnced 200, in a department store the 
minimum was 36, the average 63, and the maximum 80 In the university 
the minimum was 50 but the maximum over 200 The average for all 
hospital staff was 67, including doctors averaging 85 but surgeons 200-300. 
However, newly qualified doctors were said to receive only 42-48 (Sieh 
1964) 

We have little information about the present cash incomes of the farm 
population However, Pi Chao Chen (who succeeded in getting some 
information on population out of Chou En Lai) also was able to visit six 
agricultural “brigades” m 1972 (total populations ranging from 670 to 
7,490 persons per family ranging from 4 8 to 6, median 5 2) One was a 
specialized tea-growing enterpnse, with income all in cash (210 yuan pier 
person per year), out of which they had to buy grain at the urban pnee 
of 0 28 yuan per kilogram. This income however seemed to be above the 
average, valuing income paid in gram at the above price, three other 
brigades had average pier head incomes equivalent to 167, 169, and 183— 
a general average of 182. 

Judging, as far as possible, from national averages of agricultural 
productivity and prices pjcr head, it does not appiear that the visitoiE wWE 
taken to sec better-than-average brigades to any great extent. In a village 
>n Kweichow, said to have been better off dhan the provinaal average 
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(but Kweichow is a relatively poor province), valuing 350 kilograms of 
mmtlUd rice at the urban price of 0 18 yuan per kilogram, the average 
family income was again placed at 183, with the less successful earning 
40-50 yuan less (“Agnculture, 1968” 1968) 

Tobin (1974) estimated rural incomes (including incomes in kind) at 
half urban levels—presumably he meant pier head An average rural 
income of 180 yuan would thus be compatible with an average urban 
wage of 720 yuan and 50 percent of the population in employment (in 
most industnai countries the ratio is now about 40 jjercent, and in 
Chinese cities, even if there are more children, there arc almost certainly 
more married women working and far fewer jjensioners) 

Incomes per head arc therefore estimated at 360 yuan urban and 180 
rural, or 225 m all (with 75 percent of the population rural) The National 
Product table shows 1970-71 consumption, other than food, rent, and 
rural fuel, at $37 5 billion of 1950 purchasing power, or 48 8 billion 
current yuan (on the yuan’s purchasing power of 0 769 calculated above), 
that IS, 67 yuan per head This is compatible with an estimate that 
outlays for food, rent, and savings amount to 70 percent of the average 
(rural plus urban) of personal incomes 
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A mathematical model of applied research is formulated It views applied 
research as a search in a given distribution, basic research shifts the 
distribution searched The productivity of applied research effort is a 
function of the gap between technology in practice and basic know]* 
edge With constant basic and applied research a (stochastic) steady 
state emerges in which technolt^cal change is determined by the rate 
of progress of buic knowledge, and the technological gap by the level of 
applied research 


Much ot research work is experimentation, and often a technological 
development project consists of the testing of a collection of technologies 
(methods, formulas, timing, varieties of crops) to find the best one. At 
more basic levels of research, the scope of technologies available for testing 
IS increased Better theoretical understanding results in superior tech¬ 
nologies 

This experimentation process is formulated mathcmaucaily in this 
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paper The approach is illustrated mostly m terms of agricultural research 
but IS of a wider applicability 

The approach was first suggested by the study of the development 
of sugarcane vancties (Evenson and Kislcv 1975, chap 3) It is 
inspired by Stigler’s work on “The Economics of Information” (Stiglcr 
1961) and is similar in some aspects to Nelson’s treatment of R & D 
(Nelson 1961) ' 

Four stages were identified in the sugarcane breeding history First, 
sexual reproduction of the cane plant was not known, and improvements 
were very slow, based on the occasional and rare cases of “natural” 
sexual reproduction The second stage was the discovery of the conditions 
necessary to induce flowering and sexual reproduction Seedlings were 
drawn from random crossings, and plants with superior potential were 
selected and propagated vegetatively The third stage introduced pur¬ 
poseful crossing, directed to augment desired traits The fourth stage was 
marked by even more sjjecific selection programs directed to produce 
varieties suited to local soil, climate, and technological conditions 

Selecuon can be described in statistical terms as a process of random 
drawings from a distribution The overall distribution in sugarcane is 
that of all possible genetic combinations and mutations of the species 

In the first stage of the cane breeding, the distribution sampled was 
that of the vegetauvely reproduced, and therefore identical, plants with 
only occasional crossing Thus, the drawing was limited to very few 
distinct observations The population sampled was heavily concentrated 
around the current yield level 

In the second stage, drawing was from the distribution of ail possible 
crossings Compared with the first, this stage was marked by an enormous 
mcreasc in the sample vanance The third and fourth stages were charac¬ 
terized by the development of techniques to affect the distributions 
searched, to limit it to the part of the population with the stronger desired 
characteristics, and thus to shift its mean 

Diminishing returns set in as search continues within the same dis- 
tnbution, and productivity of research increases when the search shifts 
to a new jxipulation This was exemplified by the history of sugarcane 
vanctal development in Barbados, British West Indies Work on Stage II 
varieties was earned out from 1880 to 1939 The station released 10 
important commercial vaneties from 1902 to 1912, one from 1914 to 
1928, and one important and three minor vaneties from 1928 to 1939 

' For recent unporuuu coninbuUoni to the theory of econonuc search see Kohn and 
Shaveli (1974) and Rothschild (1974) A less known early contnbution is Karlin (1962) 
(pointed out by an anonymous Journal reader) Biiuwanger (1974) uQlued a similar 
feaoieworlc (based on an earlier draft of the present paper) m constructing his model of the 
micro-theory of induced innovation. 
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Work on Stage III varieties started in 1929. Under this project, 14 com¬ 
mercially important varieties were released between 1929 and 1939 

The diminishing returns to search in the same population are also 
demonstrated by the increasingly larger numbers of cane seedlings tested 
per successful “find” of a commercial variety During the period 1929-39, 
the ratio of successful vaneties to seedlings tested was 1:1,800 for the first 
five and 1 '2,700 for the next mne Stage III varieties During the same 
period and in the same station, this ratio was 1 13,000 in the older Stage 
II variety improvement program 

Technological research in other fields can be described in similar 
terms (c g , the development and selection of chemical compounds) In 
our model, applied research is seen as a search within a distribution of a 
random variable Basic research or learning shifts the mean of the dis¬ 
tribution or discovers new distributions to search An intermediate posi¬ 
tion IS occupied by work aimed at increasing the variance of the samples 
The model formulated is an economic one, it is assumed that the objective 
function of the system is to maximize the expected present value of future 
income, inclusive of research cost The system modeled can be cither an 
economy with a research sector, or limited section of the economy with 
a research team working to improve technology within the section 

The main innovation of the study is in the treatment of applied research 
and testing, emphasis in the following discussion being given to this aspiect 
of research work The framework of the analysis is initially to set up a 
pure-scarch model and later to introduce the possibility of more basic 
research into the model 


Applied Research (Testing) 

The scientist (the scientific team) is assumed, in this section, to be pre¬ 
sented with a given distribution of outcomes whose parameters he cannot 
directly affect, his work is strictly testing, no basic research is done To 
he concrete, imagine a research project aimed at increasing the yield of 
a crop To simplify, assume that net income is m direct proportion to 
yield Work on the project is composed of a succession of experiments In 
control theoretic language, the state of the system is the yield at any point 
in time, and the results of the experiments are the transition equations— 
changing the yield level The control variable is the extent of experi¬ 
mentation at any stage or tinje period Again for simpliaty, assume that 
the only control variable is the number of trials in an expeninent—the 
number of drawings from a random distribution. 

Since the transition equation is a random process, the state vanabic « 
random, but other sources of randomness and uncertainty, such aS 
weather effects, arc disregarded. 
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At any penod t an experiment composed of », trials is conducted. The 
following variables are defined as follows 

Y, yield, technology level, net mcome in time t 
(l — 0, 1, 2, ), the state variable, 

n number of trials, n == 0, 1, 2, , the control 

variable, 

c{n) cost of experimentation, with c(0) = 0, and 
assume that •c(n) is increasing with n at an 
increasing rate, 

Xj yield in trial i, (i = 1, 2, , n), 

/ (x) probability density function of x, 

F{x) cumulative distribution of x, 

z the laigest value m a sample of the random 
variate v, 

a ~ —!— the discount factor with r the rate of interest, 
1 + r 

V the objective function, 

E expectation operator, 

Ay ~ yi " J'l-i yield increment, 

E[x} mean of X, 

Var (x) variance of x, 

D first difference opierator, e g , Djc s c(n) — 
c(n - 1) 

The search process is a sequence of experiments, each compiosed of n, 
trials A single tnal can be a test of a technique—one vanety of a crop, a 
certain dose of fertilizers, one planting date Because of the variability 
in expenmental conditions, a tnal is usually earned out in a number of 
replicas This vanability is, however, disregarded here, and it is assumed 
that a tnal has a single outcome—an observation from the distribution of 
yields, in our example 

Each tnal results in an observation-—one drawing from a random 
jxipulatjon The outcome of the experiment is the best observation in the 
sample The statistical process of choosing the best outcome from a set of 
random drawings is treated under the headmg of the theory of extreme 
values (Gumbel 1958, Epstein 1960) in the general subject of order 
statistics 

Uulizmg the symbols introduced earlier, Xj is the yield in tnal i and 
« = Xj,Xj S X, (i = I, 2, , n) 

The cumulative distnbuuon of z is 

H,{z) = Pr (all X, i z) =. F%z), (1) 

and the density function (if existing) is 

K{z) = «f--‘(4)/(z). 


( 2 ) 
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The analysis will be illustrated m terms of the exponential distribution: 

fix) = 6 ^x-, ( 3 ) 

Fix) = 1 - (4) 

£(x) = <l + l. (5) 

Var W = (6) 

The cumulative distnbuUon of the largest values is, employing (1), 

H,iz) = [1 - (!') 

and the probability density function is 

h,iz) = (2') 

See figure 1 where A = 1,0 = 0; n = 1, 2, ,5 

The expected value and the variance of z are (Gumbcl 1958) 

Eniz) = 0 + T E - . (7) 

Var. (“> 

In each time pienod, an experiment consisting of n trials (n drawings 
(loin a random distribution) is conducted The result of each trial is an 
observauon, x, the yield level associated with the tested technique. If the 
outcome of the experiment is higher than ji, the yield under the current 
technique, the new technique is put to use and> increases If not,> does 
not change The search is then repeated, within the same distnbuUon, 
pcriiaps with a different n 
Formally, 

Aji^z-jf if ji<z (9) 

Ay = 0 otherwise 

The expected value of the technology increment is* 

FjAy) = J iz -y)h,iz) ^ = j I* " ^ 

* Strictly speaking, the last integral m (10) rxuu for t such that f” > 1 — for 
large values of z, which holds for the exponential diilribulion For a more general Ircat- 
mcm of this case, sec De Groot (1970, p. 24<>). Wc arc indebted to a Journal reader for thi* 

rcicrcncc ' 
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As expected, the contnbution of an additionaJ trial is piositive and 
diminishing 

Enm - = I" - F{z)] dz (11) 

Since 0 < F{z) < 1 for _7 < z < oo, the difference £„{A>) - £',_i(A^) 
IS positive and is a decreasing function of n 

For the exponential distnbuuon the exjiected value of Ajv is 


1 - [1 - 
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and its variance 




Var. (Ay) = g _ Ej^Ay). (13) 


Time Evolution and Optimization 

The search process proceeds over time, improving technology whenever 
possible The present value of the system of production and technological 
research is 

where^ is the present technology level (at 1 = 0) Let F*(_y) denote the 
value of a system when an optimal research policy is followed, it can be 
written in the form of a recursion functional as 


V*{y) = max y - c{n) + a j f"*(-c) dfiz) + (xF'‘(y)V*(y) 

" L Jr 


(15) 


The last two terms on the right-hand side of (15) are the benefits B{y, ft) 
due to the present experiment 


B(y, n) = IX 


V*{z) dF\z) -I- otF"{y)V*{y), 


and they are, respectively, the expected value of a system starting next 
period from a better than current technology—if such a technology is 
lound—and the value of the current system weighted by the probability 
that the outcome of the experiment will not exceed the current yield 
Incremental benefits from increasing the number of trials in an expen- 
rnent are positive and diminishing 


I)„B = B{y,n) - B{y,n- 1) 

= ot j* V*{z)[nfF--' - (n - D/F"'*] dz (16) 

+ aF*(>)(F- - F’-') 

Integrating by parts, we get 

= a P — (F"-' - F'‘)dz^ 0, 

Jr 


( 17 ) 
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Since {dV*ldz] ^ 0, as a discovery of a better technology can wjly 
improve the value of the system This proves that incremental benefits arc 
positive, they are diminishing, 

D^B - D,.,B = a ~ - F"-^) dz ^ 0, (18) 

J, 

since 2f"-' S /’’ + 

7’he cost function c{n) is, b> assumption, increasing Mth n at an 
increasing rate 

D^c = r(n) - c{n - 1) > 0, (19) 

D,c - > 0 

Since incremental returns arc decreasing, optimal n will be such that 

\D„_,c - S \D„c - D„B\ s \D„,,c - (20) 

This IS illustrated m figure 2 ^ 


Economic Properties of Optimal Solutions 

1 The optimal number of experiments is a decreasing function of the 
rate of interest, as D^B in (16) decreases with r 

Since the extent of experimentation, teclinologica! research, is a de¬ 
creasing function of the rate of interest, technological progress will also be 
a decreasing function of the rate of interest This is one aspect in which 
the present model resembles Solow’s embodiment model (Solow 1960) 
In our model, technical progress is the outcome of investment in research, 
m Solow’s model it is embodied in new capital assets In both cases, the 
rate of progress is a function of the rate of interest 

2 It IS useful to vaew technological research as filling a gap between 
basic knowledge and the level of technology m practice (Nelson and 
Phelps 1966) In the exponential distribution (3), the level of basic 
research can be represented bv the parameter d The smaller the difference 
y — d, the larger the technological gap and, in our model, the easier it is 
to improve the technology The analytical difficulty here is that a change 
in 9 modifies the distribution searched and affects V*{y) by changing all 


’ The present optimization framework can undoubtedly be expanded to include 
adapuve search, sequential cxpcnmentation with vanous stopping rules, and similar 
cases This has not been done here in order to preserve simplicity and shortness The 
qualitative results and the major charactertsUcs of research systems focused upon m the 
present model would have remained unchanged Note in this respect Rothschild's 
(1974, p 689) conclustoD that “not invariably, but in many instances, the qualitative 
properties of the t^umal-search strategies . arc the same [in the adaptive case] as in 
the simpler case when the dutnbution is assumed known,*’ 
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future (expected) steps We therefore show explicitly the effect of a change 
in 0 on the expected value of a system in which only one expenment is 
conducted The benefits of such a system are 

«)=-[* tn/{z)F''iz) dz + - (21) 

" Jr ^ 

and in the exponential distribution [with the density function Af“'**'~**] 

?0 dz ’ 

therefore 

dB' _ ? f® ^ ^ d' -~~ 
dO r J, dz^ T dz ^ 

Integrating by parts 

^ “ [1 - F'iy)] ^ 0 (22) 

oO r 

Since (22) is true for any value ofy, current and future, an increase in 6 
will increase the value of B{y, n) for any unrestricted system 

3 Economics of scale can be introduced by multiplying Fin (14) and 
(15) by a scale factor The larger this factor, the higher optimal n and the 
faster technological progress 

This formulation will represent cases in which technology is identical 
throughout the volume of operation of a firm or an economy, for example, 
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if a new vanety will raise yield equally in all fields or if a new chemical 
compound will increase productivity equally in all its applications. In 
other cases, however, scale represents, at least parUally, variability in the 
conditions of production the larger the area sown to a crop, the more 
variable growing conditions arc, and this variability factor dampens the 
direct, profjortional scale effect 

4 The benefits are a decreasing function of y, since y is the lower 
bound of the integral in B {y, n) So also optimal number of tnals, n, is a 
decreasing function of the level of technology, y Eventually optimal 
« = 0 and technological research will stop This will be the case when 


^ c(n) 

(23) 

for any n Particularly, 


D,B ^ 41 ), 

(24) 

or, wTittcn explicitly, 


« ^ c(}) 

(25) 


Thus after a certain level, technology will stagnate forever This stagnation 
will not occur if basic science progresses continuously This possibility is 
analyzed in the second part of the paper 

5 The inequality in (25) is not only the condition for stopping a re¬ 
search project. It is also the condition for not starting one A project will 
not be undertaken if the expected benefits of even a single trial in a single 
cxjjeriment will not exceed the corresponding cost 

-£,(Ay) = *l[i - 1 - 

r r ? 

=--e--"”'®) ^ <r(l) (26) 

r A 

If the system starts from a fjosition represented by (26), then a change 
m one of the following three parameters can make technological research 
justifiable (a) A reduction in the rate of interest; {b) An increase in the 
basic knowledge parameter 0, since 

^ 0, 

■^/l ' 


(c) A decrease in A, since 
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The last is an increase in variance of the population searched. This is an 
example of variance increasing research; for instance, the Intemauonal 
Rice Research Institute in the Philippines accumulated a collection of 
15,000 nee varieties increasing substantially the variance of the rice 
vaneties population searched for genetic material. 


Basic Research 


In terms of the present model, basic research can be classified into three 
categories. basic research can shift the mean of the distribution searched. 
It can change its variance, or it can create new technologies—discover 
new distributions to search The following discussion will analyze the 
first case, the last is treated in the concluding section of the paper.* 

With mean shifting baste research, 6 is no longer constant Its per period 
growth, due to basic research, is AO, and it is assumed throughout the dis¬ 
cussion that AO IS constant It is shown below that optimal n converges, if 
AO IS constant, to a constant level But a constant level of applied research 
will not be limited to optimal system Quite often a research organization 
IS operated at a certain constant level determined by budgets and piolitical 
circumstances In such a case an interesting property emerges 

Property {steady state) —If both basic research and technological research 
proceed at constant rates, a stochastic steady state emerges at which 
technology in practice improves at a rate equal to the rate of advancement 
of basic research Formally, if A0 = constant, n = constant, then eventu¬ 
ally E„(Ay) = AO 

Proof —For the analysis of the search process, the state variable is not 
_y but, rather, i = y — 0, and we have to show that, if n = constant, 
AO = constant, then ^ = constant 
Rewrite E„{Ay) as 




^ 1 - (1 - 
h A. 


now 


=_ V (27) 


As ^ grows, E„(Ay) decreases, and vice versa There exists a steady-state 
Value of (J, a function of n and AO, which will be maintained (stochas¬ 
tically), It IS defined by 

• 1 _ n — 

= T -—-—-—- - Ad = 0 (28) 

fri Ai 

QED 


* The case of variance mcreaiing leiearch u ducusKcl, m a nimlar Iramrwork, in 
Kvcnjoti and Kulev (1975, chap. 8) 




Steady-state ^ can be written as 

= ^*{n, AO) (29) 

Figure 3 illustrates equation (29) for ij* = 1, 2, 3, A = 1, n = 1, 2, , 

5, 0 < AO < I The broken lines in the figure only connect steady-state 
(n, AO) pairs, other points on the lines are meaningless We shall now 
investigate algebraically the properties of (29) 

For a given n, steady-state ^ is a decreasing function of AO To sec this, 
diSerentiate (28) with respect to AO 


g£.(A^*) 

OAO 


5A0 


^ V (! - -1=0; 

OAO 



(I _ 



(30) 

(31) 


The interpretation of this result is that in the steady state for a given level 
of technological research fa given n), the higher the rate ofbasic knowledge, 
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the larger the gap between basic knowledge and technology in practice 
(the smaller ^*). This property stems from the fact that the bigger the gap, 
the more productive will technological research be. In the steady state 
this gap, represented by the variable is the only endogenous vanable 
in the system; the bigger A0, the larger the gap which will maintain 
E„{Ay) = A9 

Steady-state f can even become negative For example, if A = 1 and 
n = 1, < 0 for A6 < 10 This can readily be seen by rcwriUng (28) 

for A0 = 1 ■ 

£,(Ai*) =«-«*- 1 =0 (28') 

Clearly, {• = 0 in (28') and by (31) < 0 for Ad > 1 

A negative means that basic knowledge has advanced, relative to 
technology in practice, to such a level that any search will find (with 
probability one) superior technologies It should not be surprising that 
such cases arc not observed often in the real world Technological research 
IS an economic activity, perhaps not always conducted optimally, but 
surely directed into areas with obvious and safe gains and, thereby, 
eliminating these potential gains. 

To find the behavior of as a funcUon of n, approximate the sum m 
(28) by an integral 

£,(A{*) = i--L d. - AO = 0 (28') 

Jo 


Differentiating (28") with respect to n and rearranging terms, we get 


^ t - (1 - > 0 

dn (I - e--^^*)"’di 


(32) 


Tile steady-state { grows with n —the more technological research is con¬ 
ducted, the smaller the steady-state gap between technology and basic 
knowledge 

To find the optimal level of cxpicnmentation, note that the present 
value of the system in a steady slate is 


" “ [^(Jr) - c(B)]a' 




-I- 



^(n) 

r 


« + AST f«'. 


r 


(S3) 
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The only terms in the last line of (33) which are functions of n are and 
c(fi) Therefore, the problem of optimal n can be formulated, disregarding 
the other terms, as 

Max Afl) - c(n)] (34) 

The maximization m (34) is not limited to t = 0, as one may erroneous¬ 
ly conclude from an examination of (33), any t can be viewed as t — 0 
The problem is to find what constant level of technological research to 
maintain so as to reach an optimal (stochastically) constant level of 
In other words, in the steady-state situation, technological research does 
not determine the rale of progress of technology—this rate is equal to the 
cxogejiouslv determined rate of progress ol basic knowledge—rather, 
technological research determines the level of technology in practice or, 
rather, the constant technological gap * In this respect, the present model 
IS similar in character to the Nelson and Phelps (1966) model, where in a 
steady-slate equilibrium schooling determines the technological gap, 
while the rate of technical progress is determined by the rate of advance¬ 
ment of basic science 

From (32) it can be shown that 

^ < 0, (35) 

and since Z)„c = c{n) — c{n — I) ^0, optimal n will be the value for 
which 


(36) 

where ^0) — i*{n - 1, A0) 

What effect will the rate of basic research have on optimal n in the 
steady stated On the one hand, the faster the advancement of basic 
knowledge, the higher the productivity of applied research, on the other 
hand, in the steady state, the higher the level of basic research, the smaller 
the technological gap In fact, as can be seen by differentiating (32) with 
resjject to A0, the sign of dA0 is indeterminate, and the magni¬ 

tude of this second derivatc is very small In the numerical example 
used in the illustration of figure 3, optimal n, over the range 0 < A8 < 1, 
is almost always independent of AO This can be realized by examining 
figure 4, where is plotted against n for A0 — 1, 5, 9 Note, for 
example, that if c(n) = 4n, = 4), optimal n will be n = 3 for any 

A0 at least over the range 1 ^ Afl ^ 9 
'Fhis tendency of the applied research to be a decreasing (at least, not 

* Ao exception u the case of n k 0—no technological research—m which technology 
in practice is stagnant and the technological gap constantly increases as basic research 
ad^ to the stock of basic knowledge 
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dll increasing) function of the rate of basic scientific advancement is a 
rt flection of the steady-state conditions, where the faster basic knowledge 
accumulates, the larger the technological gap (the smaller {•) and the 
smaller may tic the optimal n A different case is discussed in the following 
section 

Exogenously given A9 and the cost function c{n) determine the pair 
optimal n and in the steady state If the system starts with { < {*, 
then marginal returns to experimentation will be larger than m the 
steady state and optimal n will tend to be larger than steady-state optimal 
n With time, as ^ {•, optimal n will approach its steady-state value. A 

similar convergence to equilibrium, in the opposite direction, will take 
place if initially ^ The steady state is the long-run equilibrium 

stable position of an optimal system 


Concluding Remarks on the Discovery of New Technologies 

Science creates a great variety of applicable technologies, from electricity 
to antibiotics, from atomic energy to gencticcngmccnng. In terms of the 
present model, the discovery of new technologies is represented by the 
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opening up of new expcuiendal dutributkuu for seuclt. For siiQ]^ty 
assume that all technologies are characterized by identical diitributional 
attributes; idenucal i and 0 parameters; moreover, assume that $ m o 
in all distnbutions These arc strong assumptions, but they permit focusing 
the discussion on some essential issues The relaxation of these assumpuons 
will complicate the analysis greatly and will have to be postponed to 
another occasion 

Let k be the technolog)’ index, i is p vintage parameter The more 
recent the technology, the higher its k value The expected income from 
an expieriment in technology k is 




E 


1 - [1 - ^-■*<**> 1 ' 
Ai 


(37) 


For newly discovered technologies, (37) reduces to 

£,u,[Ay(^)] = £ f. (37') 

since ^ = 0 for new technologies 

At any point in time there exists a spectrum of technologies in the 
economy Technological research is now an industry with a rising supply 
function 

c(n), n = n(k), 


of factors of research Expieriments will be allocated to technologies 
according to their comparative standing in the current technological 
spectrum 

The discussion that led to equation (20) can now be repeated, and 
again that equation is the condition for optimal allocation of experiments 
with one departure from the previous analysis If there is a large number 
of distribution to search, then D^c is now the incremental cost function 
for the industry, it is taken as datum when considering a single distribu¬ 
tion In other words, with a very large number of technologies, the allo¬ 
cation of research efforts becomes analogous to the organizauon of a 
competitive industry with separate firms doing research m the separate 
distributions. 

In addition to ordenng distributions by their vintage index k, they can 
now be ordered by their y{k) value There will be a strong (negative) 
correlation between j and the vintage index, but these will not be the 
same orderings A break-even value ofj> will be>'* maintaining 


r i. 


= c{l) 


(38) 
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The term on the left in (38) is identical to the present value of the 
incremental income due to an experiment of one trial. Distributions with 
y > jl>* will not be subject to search any more These distnbuhons are 
technologtcally exhausted Exhaustion is an economic phenomenon, a reduc¬ 
tion in the cost function, for example, will cause the resumption of search 
in previously exhausted technologies 

Technological exhaiisUon should be carefully distinguished from 
obsolescence The last is a market phenomenon, reflecting changing com¬ 
parative advantages of technologies and not treated in the present study. 

The rate of progress of basic science is measured in the model by the 
number of new technologies discovered per time period. The larger this 
number, the higher the demand for research factors and the higher the 
rate of experimentation At the same time, the higher the rate of advance¬ 
ment of basic science, the faster the rate of exhaustion of old technologies 
In fact, m a steady state, the number of exhausted technologies will be 
equal to the number of newly discovered technologies, and the larger this 
number, the less search will be conducted in a typical technology before 
Us exhaustion 
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The Marginal Cost of Public Funds 


Edgar K. Browning 

Umernty «f Kiriinui 


The marginal cost of public funds is the direct tax burden plus the 
marginal welfare cost produced in acquiring the tax revenue This paper 
estimates that the marginal cost of public funds for taxes on labor 
income m the United States ranges from $1 09 to $1 16 per dollar of tax 
revenue, depending on the progrcssivity of the change in the tax struc¬ 
ture Thus, government expenditures must be at least 9-16 percent more 
productive than private expenditures to produce a net welfare gam In 
addition, the total welfare cost of income taxes in 1974 is estimated at 
$19 billion 


Faxes introduce distortions in the allocation of resources, and much 
theoretical and empirical work m economics has been devoted to 
aiulyring and estimating the welfare costs (or excess burdens) of the 
variety ol taxes in existence Very little attention has been given, however, 
to tilt significance of the welfare cost of taxation for the analysis of pubhc 
expenditure programs If the financing of expenditure programs involves 
a welfare cost, then this cost should be considered part of the opportumty 
'ost ol the expenditure programs Put bnefly, when the government 
spends $100, the opportunity cost is $100 plus the adchtional welfare cost 
involved in acquiring the funds Thus, an exf>cnditure program will be 
efficient only if its benefits exceed the direct tax cost by an amount at 
least as large as the additional welfare cost of the funds. 

number of economists have, of course, recognized the importance of 
considering (in some way) the welfare cost of taxation in analyzmg 
government expenditures Pigou (1947) mentioned this point many years 
“•go, and more recently Buchanan and Tullock (1965), Vickrey (1963), 


Research on this paper was conducted vi4ulc the author was a scsquicenlennud 
dale of the Center for Advanced Studies at the Umvemty of Virginia. 
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and Johnson and Pauly (1%9) have discussed this aspect of tax-induced 
distortions In addiuon, in his survey of cost-benefit analysis, Musgrave 
(1969) has suggested that Harberger’s estimates of the average welfare 
costs of taxes on labor and capital should be added to the direct costs of 
taxes * The present paper builds on the insights of these works by 
examining the problem of measuring the marginal cost of public funds 
Section 1 develops the basic theory for an economy using a tax on labor 
income to finance government expenditures In Section 2 esumates for 
taxes on labor income in the United States tax system are developed The 
results suggest that the marginal cost of public funds is between $1 09 and 
$1 16 per dollar of tax revenue 


1. The Marginal Welfare Cost of Income Taxation 

Wc shall assume an economy with a competitive private sector where the 
government uses a tax on labor income to finance its expenditure 
programs Taxes on labor income distort the labor supply decisions of 
workers, and the problem is to determine exactly how this distortion 
should be incorporated into an analysis of government expenditures It 
will be assumed that the expenditure programs themselves do not distort 
labor supply decisions at the margin—that is, they can be viewed as lump 
sum transfers ^ This simplifying assumption allows us to concentrate on 
the tax-induced distortions and ignore possible differential effects 
resulnng from the specific way the tax revenue is used 

A tax on labor income with a marginal tax rate of lowers a worker’s 
net wage rate from w, the market wage rate, to in(l — nij) As a 
consequence, the quantity of labor services supphed will be below the 
quantity the worker would supply with a tax which did not distort his 
labor supply decision Figure 1 illustrates this situation The worker’s 
supply curve is S, and is drawn to include only subsUtution effects of wage 
rate changes With a marginal tax rate of m^, units of labor are sup- 
pbed By supplying ij units rather than Z,j units the worker sacrifices 
earnings of BAL^L 2 and gams leisure time valued at DAL^L^ The differ¬ 
ence, area BAD, is the total welfare cost of the tax 

If the government were to implement a new expenditure program, or 
expand an existing one, it must raise additional revenue Suppose the 

‘ Musgrave errs, however, in suggesung the use of average welfare cost per dollar of 
revenue since u is the marginal welfare coat that is relevant for cost-benefit analysis 
As wiU be shown below, marginal welfare coals of taxes are typically much larger than 
average welfare costs 

* In some cases, particularly those involving redistnbution, this assumption would not 
be valid. For example, when the income tax is used to finance transters of a negauve 
income tax variety, the marginal tax rates of both taxpayers and recipients will rise. This 
distoru the labm- supply decisions of both groups, and an analysis of such a policy should 
idesdly evaluate both dtstortions I have attempted to do this in Browning (1975i). 
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revenue requirements necessitate an increase m the marginal rate from 
m^ to m\ Then the marginal welfare cost of this increment in the tax rate 
IS the area BEFD Thus, the cost associated with the new expenditure 
program is clearly the direct burden of the higher tax rate—the amount 
of revenue raised—plus the added distortion, area BEFD (In addmon, 
there may be additional administrative and compliance costs, but they 
will be ignored in this section ) If economic clTiciency is the entenon for 
judging the expenditure program, then its benefits must exceed the 
required revenues plus area BEFD Clearly, neither the total welfare cost 
nor the average welfare cost of the tax is really relevant in evaluating 
expenditure programs, instead it is the marginal welfare cost that u 
cntical 

The size of the marginal welfare cost is, then, of great importance in 
the evaluation of government expenditures Harberger’s pioneering work 
in this area provides the basis for evaluaung this cost for income taxation. 
Harberger (1964) shows that the total welfare cost for an individual 
worker can be expressed as 

= i»l('«i)^I"i, (1) 

where is the total welfare cost, is the marginal tax rate, is the 
elasticity of labor supply (expressing the substitution effect alone], and T, 
IS gross labor income, 01 earnings ^ Now let us assume that the tax is a 
proportional tax on labor income (m, is thus the same for all taxpayen 

* Thu expretuon meaiura only the welfare cost due to the distortion in the worker’s 
decuion concerning hours of work. An income tax also dutorts occupational dsoioe by 
inducing a lubsutution in favor of jobs with nonpecuniary advantages Thus, ettittlates of 
wellare costs using equation (1) will be biased downward to some degree. 
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and IS equal to the average tax rate), and that the elasticity of labor 
supply IS the same for all workers Then the total welfare cost aggregated 
over all workers is 

fv = E r„ (2) 

where E total labor income ■* 

With a proportional tax, total tax revenue, T^, can be expressed as 

= Y, (3) 

Assuming that the tax base, X not affected by a small change in 
the tax rate, the additional welfare cost produced by a change in the tax 
rate is 

dH' = tint E f'l (4) 

and the additional revenue produced is 

dT, = Ey,dm (5) 

The marginal welfare cost per dollar of revenue is then equation (4) 
divided by equation (5), or 

dW/dT^ = r)m ( 6 ) 

The margmal cost of public funds is the marginal welfare cost of taxation 
plus the direct cost, or simply t/m + 1 ’ Note that the marginal welfare 
cost IS greater than the average welfare cost The average welfare cost is 
equal to Wj T^,, or ^tjm, exactly half the marginal welfare cost 

To get some feeling for the likely quantitative importance of the 
marginal welfare cost of income taxation, Jet us assume some plausible 
values for rj and m On the basis of recent empirical work, it appears that 


* The summation of mdividual welfare costs as given by (1) to denve the total welfare 
cost as given by (2) is not fully appropnatc unless the margmal product of labor does 
not declme with a simultaneous increase in hours of work by all workers In other words, 
expression (2) is vahd only if the aggregate demand curve for longer hours of work per 
worker is perfectly clasuc. If this is not true, the correct formula is i[iis</(ir + eslltn* E 
where is the elasticity of this demand curve Estimates based on equaUon (2) when 
demand is less than perfectly clastic are therefore biased upward However, for low 
values of ii (as will be assumed in this study), this bias is not very large For example, with 
ly ss 0 20 and <4 = 2 0, equation (2) wilt overestimate the true welfare cost due to labor 
supply distorttons by only 10 percent In addition, there is an opposite bias involved in 
using equation (2), as noted in the previous footnote, so the net bias is not clear 

* In this derivation it was assumed that the tax base did not change in response to a 
change in the tax rate. If this assumption is dropped, the marginal welfare cost equals 
am/s + 1, where s u the elasticity of the tax base with respect to a change in the tax rate. 
Thus, equation (6) will underestimate the marginal welfare cost if the tax base faUs 
(< < 0) and overcMduiatc the marginal welfare cost if it rises (< > 0) when the tax rate is 
increased. Since there is no empirical basis for assigning a value to s, it will simply be 
assumed that it is aero m this paper 
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Taxes as a % o( Expenditures 

Total Labor Jncomo 
Fio 2 


a value for of 0 20 is a fairly conservative estimate * Since total taxes 
as a percentage of net national product are about 35 percent m the 
United States, a value for m of 0 35 will be used Given these values, the 
marginal welfare cost is 7 percent of tax revenue, and hence the marginal 
cost of public funds is 107 percent, or $1 07 per dollar of revenue Thus, 
government expenditures would have to be 7 percent more beneficial (at 
the margin) than private expenditures for the programs to constitute a 
net welfare gam 

Figure 2 can conveniently summarize the analysis to this point In the 
left-hand panel, the marginal cost of public funds is measured verucally 
and taxes as a percentage of total labor income measured horizontally 
The A/C curve gives the marginal cost of public funds for a flat rate tax 
on total labor income At a tax rate of 35 percent, the marginal cost per 
dollar of additional revenue is equal to $1 07, as just indicated The 
vertical difference between MC and MC^ (the marginal cost of public 
funds with nondistorting taxes) is the marginal welfare cost per dollar of 
tax revenue 

The right-hand panel of figure 2 shows how the marginal cost of public 
funds should be incorporated into an analysis of expenditure programs 
The central point here is that the marginal cost of public funds for any 
specific expenditure program is constant at a level dciernuncd by the 
overall weight of taxes in the economy Thus, when m «= 0 35, the 

‘ Scf Bloch (1973) and Cain and Watti (1973), Moat recent reiearch hai emphasised 
that labor supply elaiticities vary among demographic groups. Insofar as this u true, 
n should be interpreted as a weighted average of tfie elasticiUes of different groupa 
Interpreted m this way, I think the assumpbon of a value of 0.20 is quite conservative. 
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marginal cost for all expenditure programs is $1 07 smcc we may assume 
that no individual program is large enough to affect the margmal tax rate 
significantly, the marginal tax rate reflects the combined effect of all 
tax-financed expenditures, and it is imperceptibly affected by any single 
expenditure (For an appropriate analogy, the MC curve may be likened 
to an upward sloping industry supply curve, while the me curve is akin 
to the honzontal supply curve confronting an individual purchaser ) 

If the marginal benefits of spending on program X are given by MB^, 
then the efficient level of expenditures with a proportional income tax is 
X 2 , a lower level than if expenditures were financed with distortionless 
taxes (X,) If the marginal benefit curve is MB'x, then the efficient level 
of expenditures is zero Thus, even though there is a potential gam from 
government spending (given by the shaded area), that gam cannot be 
realized if the distorting income tax must be used as a method of finance 
This conclusion has immediate relevance for the various “market failure” 
(eg, externality) arguments for government expenditures What the 
present analysis shows clearly is that the presence of a market failure does 
not necessanly imply that any expenditure program exists which will 
produce a net welfare gain Instead, the magnitude of the market failure 
must exceed some cnucal value (as determined by the marginal cost of 
pubhc funds) before an expenditure program can be capable of achieving 
a net gam 

We may now consider how the use of nonpropiortional income taxes 
affects the analysis As an illustration, we will use the simplest form of 
progressive taxation—a degressive tax A degressive tax is a flat rate tax 
above an exemption Thus, the margmal tax rate is the same for all 
taxpayers, but average tax rates rise with total income, and the tax is 
progressive overall With such a tax, the total welfare cost is given by 

W = ir,m^ E (7) 

ft 

where 2^, F, is the total income of those subject to the tax, and K is the 
amount of exempted income per taxpayer Total tax revenue is: 

T’n = tn E Yi> ^ (8) 


Differentiating (7) and (8) and dividing yields the marginal welfare 
cost per dollar of revenue 

dWIdT, = „m - . (9) 


A comparison of equations (9) and (6) shows that the marginal welfare 
cost of a degressive tax is greater than that of a proportional tax yielding 
the same total revenue. There are two reasons for this First, the marginai 
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tax rate must be higher for the degressive tax when both taxes yield the 
same total revenue since the tax base of the degressive tax is smaller. (The 
marginal tax rate of the degressive tax will be equal to 

UnY, 

S. (Yi - K) 

Umes the marginal tax rate of the proportional tax ) Second, the increment 
in the marginal tax rate required to raise additional revenue is greater 
for the degressive tax because of the smaller tax base This is reflected in 
(9) by the term 

T,Y, 

I, (y* - K) ’ 

which IS always greater than one These two factors together imply that 
the marginal welfare cost of the degressive tax can be expressed as the 
marginal welfare cost of the proportional tax times 



The squared term always exceeds one for a degressive tax, and will be 
greater the larger is the exemption 

Even with a seemingly small exemption, the marginal welfare cost of a 
degressive tax will be substantially above that of a proportional tax If, 
for example, the exemption is equal to 40 percent of average income, the 
tax base of the degressive tax would be about 62 5 percent of the tax base 
of the proporUonal tax, and 

I, Y, 

I, {Y, - 

would equal 1 6 ’’ To raise 35 percent of total income m taxes would then 
require a marginal tax rate of 56 percent InserUng these values into (9) 
and solving yields a marginal welfare cost of 17 9 percent of tax revenue. 
(The marginal cost of public funds with the degressive tax is shown by 
MC in fig 2 ) Thus, the marginal welfare cost of this degressive tax is 
2 5 times larger than that of a propiortional tax yielding the same revenue. 
The important implication of this for expenditure policy is that expendi¬ 
tures should be smaller with a degressive income tax than with a 
proportional income tax. In general, the more progressive the tax the 
greater is the marginal cost of pubhc funds, and the lower is the eflicient 
volume of government expenditures 

To this point we have considered taxes that impose the same marginal 

^ Thu ii a rough figure calculated from data in U.S Bureau of the Cenna (197S. 
table 2) 
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tax rate on all taxpayers When a tax with a graduated rate structure is 
employed each rate bracket is subjected to a different margmal tax rate, 
and each bracket must then be considered separately. A more difficult 
problem pwsed by gr^^^uated rate taxes arises because additional revenue 
can be raised by many different changes in the rate structure, and each 
possible change may correspond to a different margmal welfare cost 
Unlike the proportional and degressive taxes, there is no rule inherent in 
a graduated rate tax that specifies how changes in revenue are to be 
accomplished Of course, for any sjieafied method of raising additional 
revenue the marginal welfare cost can be estimated, as will be seen in the 
next section 

The analysis in this section has provided some insight into the concept 
of marginal welfare cost and its rclauon to the income tax structure In 
the next section we will derive esumates of the marginal welfare cost 
(and, hence, the marginal cost of public funds) for the United States 
income tax structure 

2. Application to the U.S. Tax System 

A major difference between the U S tax system and the model used m 
the last section is that there are several different taxes that are levied on 
labor income m the United States The federal individual income tax is 
obviously the most important, but the social secunty payroll tax, state 
income taxes, and other taxes also distort labor supply decisions in the 
same way This fact necessitates a shght modification in the analysis 
developed m the last section If we have two taxes which arc levied on 
labor income at margmal rates of m, and the total welfare cost for 
an individual is 

= i»j('"i + (10) 

Thus, the total welfare cost, and the marginal welfare cost, will depend 
on the effective margmal tax rate on income, Wj + iHj m the above 
example In this setting it is ambiguous to speak of the total welfare cost 
of one tax alone since + irj[m 2 )^Yi does not equal the total 

welfare cost of the two taxes together However, the total welfare cost of 
both taxes together can be estimated by (10), and the marginal welfare 
cost of a change m either tax can also be estimated without ambigiuty 
To estimate the margmal cost of public funds it is necessary to have the 
set of effective marginal tax rates implicit m the tax system and the total 
labor income subject to each effective rate Total wage and salary income 
by marginal tax bracket in the federal individual income tax is available 
from the Treasury tax model * We require m addition the increments in 

* I would like to thank Fredenck Hickman and Walter .Stroraquut of the Treasury 
Department for making thu information available. 
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marginal tax rates for each federal bracket due to the other taxes on labor 
income so these increments can be added to the federal rates to arrive at 
the effective marginal tax rates. There are four major taxes other than 
the federal income tax that distort labor supply decisions social security 
payroll taxes,’ state and local sales taxes, state and local income taxes, 
and excise taxes.*** These taxes raised $148 billion in revenue in 1973, and 
this represented an average tax rate of 18 8 percent on total employee 
compensauon (Council of Economic Advisers 1975) It would, however, 
be an error to simply interpret this 18 8 percent figure as the effective 
marginal increment for every federal tax bracket 

Three important factors suggest that the increment in marginal tax 
rates due to these other taxes will vary among the federal tax brackets 
First, the social security payroll tax applies only to the first $14,100 of 
earnings of each worker Therefore, for workers earning above this 
ceiling the marginal rate of the payroll tax is zero ’ * Second, most state 
and local income taxes are highly progressive Third, state and local 
taxes are deductible in computing federal tax liability. This third factor 
makes the effective marginal tax rate less than the sum of the federal and 
state-local rates For example, a person in a 50 percent federal bracket 
and a 10 percent state income tax bracket is subject only to an effective 
marginal tax rate of 55 percent because of this deductibility provision in 
the federal law 

These factors suggest that, on balance, the increments in marginal tax 
rates due to these taxes will be lower the higher the federal tax rate 
Table 1 shows estimates of the incremental marginal tax rates m column 2 
for each federal tax bracket (column 1) ** (Note that the highest federal 
rate is 50 percent due to the recently enacted maximum tax on earned 


^ It 19 assumed that social security benefits arc not closely related to previous taxes psud 
If they are, sorial security taxes may produce no labor supply distortion On this point, »ee 
Browning (1975a) 

Excise taxes are not identical to general taxes on labor incomes, but they do distort 
the choice between leisure and the taxed goods (and also between taxed and untaxed 
goods) In theory, an excise tax may lead to greater, less, or the same work effort as an 
equal yield income tax In the absence of evidence to the contrary, it sceins preferable to 
assume that excises have the same effect on work effort than to ignore them altogether. 
Ignoring them, however, would make little difference to the estimates made here since 
they represent only 2 percent of total employee compensation 

" It would be incorrect to infer that the labor supply decisions of aliyimn/ier with 
earnings above $14,100 are unaffected by the social security tax Not only may such 
families have multiple earners, one or both of whom are subject to the tax at the margin, 
but also the labor supply decisions of unemployed family membcis may be influenced by 
the tax For example, a wife may choose not to work partly because of the social lecunty 
taxes she would have to pay on the first $14,100 of her earnings 

Interpreung these marginal rates as effecuve rates of taxauon is not fully conect 
when some uses of income are nol subject to tax because of the deductions permitted in the 
tax law Deductioiu serve to lower the effective rate of eamuigs, but they also introduce 
distortions in the use of income so the net effect on welfare cost is theoreUcally indeter¬ 
minate 
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TABLE 1 


Total Welfare Cost by Maroinal Rate Class in 1974 


Marginal 
Rate in 
Federal 
Income Tax 
«) 

(%) 

(1) 

Increment 
Due to 
Other 
Taxes 

(%) 

(2) 

EffccUve 
Marmnal 
Tax Rate 
(m,) 

(%) 

(3) 

Wage and 
Salary Income 
in Class 
($ millions) 

(4) 

Total Welfare 
Cost by Rate 
Class 

(S miUions) 

(5) 

Total 

Welfare Cost 
by Rate Class 
Using (mf) 

($ millions) 

(6) 

14 

20 

34 

27,603 

319 1 

54 1 

15 

20 

35 

17,443 

213 7 

39 2 

16 

20 

36 

20,430 

264 8 

52 3 

17 

19 

36 

24,485 

317 3 

70 8 

le 

19 

37 

5,405 

74 0 

17 5 

19 

19 

38 

146,828 

2,120 2 

530 0 

21 

18 

39 

21,782 

331 3 

96 1 

22 

18 

40 

148,265 

2,372 2 

717 6 

23 

18 

41 

3,857 

64 8 

20 4 

24 

17 

41 

21,340 

358 7 

122 9 

25 

17 

42 

121,023 

2,134 9 

756 4 

27 

16 

43 

8.577 

158 6 

62 5 

28 

16 

44 

59,426 

1,1505 

465 9 

29 

15 

44 

4,688 

908 

39 4 

31 

15 

46 

3,858 

83 6 

37 1 

32 

14 

46 

32,469 

687 0 

332 5 

34 

14 

48 

1,705 

39 0 

19 7 

35 

13 

48 

224 

52 

2 7 

36 

13 

49 

18,884 

453 4 

244 8 

38 

12 

50 

936 

23 4 

135 

39 

12 

51 

10,556 

274 6 

160 6 

40 

11 

51 

1,098 

28 6 

176 

41 

10 

51 

67 

1 7 

1 1 

42 

9 

51 

7,066 

183 8 

124 6 

45 

8 

53 

5,446 

153 0 

110 3 

48 

7 

55 

3,403 

103 3 

78 4 

50 

C 


24,842 

779 0 

621 1 

Total 



741,706 

12,786 8 

4,809 1 


income ) While these estimates are, admittedly, inexact, I think they are 
probably reliable enough for our purposes 

Ckilumn 3 gives the effective marginal tax rates and column 4 the total 
wage and salary income m each marginal rate class. Before we turn to 
the estimation of the marginal welfare cost, it is interesting to use these 
data to compute the total welfare cost due to labor supply distortions 
arising from taxes on labor income Column 5 gives the total welfare cost 
for each tax bracket, m making these calculations it was assumed, as 
earlier, that 1 ; = 0 20 and is the same for all rate classes Summing the 
figures in column 5 gives the total welfare cost due to labor supply 
distortions m 1974 $12 8 billion. This figure does not include the welfare 
cost borne by those who did not pay federal income taxes (but who still 
paid social security and other taxes), and adjusting for this omission 
would probably raise the total above $13 bilhon. In addition, government 
admmistrativc costs and citizen compliance costs are also elements of the 
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welfare cost that should be added Musgrave and Musgravc (1973, 
p 460) suggest that (at least at the federal level) these costs are 2-2.5 
percent of tax revenue Since the taxes under consideration here produced 
about $287 billion in revenue in 1974, administrative and compliance 
costs can be estimated at approximately $6 billion Thus, the total welfare 
cost of these taxes was in the neighborhood of $19 bilhon in 1974, or 
6 6 percent of tax revenue 

The data in table 1 can also be used to demonstrate the importance 
of using the effective marginal tax rates in the computaUons Harberger 
(1964), when examining the welfare cost of the federal income tax, used 
only the marginal rates of the federal tax in his calculations As mentioned 
earlier, this procedure is incorrect when there are other taxes on labor 
incomes, but the results of such a calculation do serve to suggest the 
importance of considering all taxes together Column 6 uses the marginal 
rates of the federal income tax to estimate the total welfare cost at $4 8 
bilhon, far below the $12 8 billion estimate when the effective tax rates 
are used m the calculation Since the total welfare cost vanes with the 
square of the effective marginal tax rate, ignoring even a small part of 
the effecUve rate can lead to substantial underestimation of the total 
welfare cost The “cumulative tax rate” problem that has been 
emphasized in connection with welfare programs is clearly also of 
considerable importance in the analysis of tax programs * ^ 

Turning now to the estimation of marginal welfare costs, we shall 
consider three changes in the tax structure corresponding to the propor- 
Uonal, degressive, and graduated rate taxes considered in the last section 
To estimate the marginal welfare cost of a proportional tax that is added 
to the present system we cannot simply apply equation (6) of the last 
section since that equation was derived on the simplifying assumpbon 
that the initial marginal tax rates were the same for all taxpayers. The 
appropriate formula for the case when taxpayers are in different imtial 
rate classes, however, is easily derived The total welfare cost is 

tv = ^ y,j + Mwi)^ ? ■’ 

where m, is the effective marginal tax rate in the first marginal rate class 
3od y,y IS the total labor income in that bracket, and so on for the 
other brackets Then 

dfV = 7171, ^ Y,, dmt + 77712 7^ Tjj rfiTij + • • •, (12) 

J k 

' * cumulative tax rate” effect refers to the fact that recipients of translen from 
several different welfare programs, each with its own implicit marginal Ux rate, will 
often be subjected to a very high combined, or effective, tax rate. The same 
occurs for taxpayers who pay several different taxes, and it is the effecUve marginal rate 
that 11 relevant m analyzing the uxpayers’ reactions A good discussion of the cumulative 
tax rate problem in existing welfare programs can be found in Aaixm (1973). 
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TABLE 2 


Maaoinal Welfare Cknr Various Cmanoes in Tax Struoture (%) 


Proportional Tax 

Degressive Tax 


Progressive Tax 





Iljr.i 

Zj T'ij 

”L 

MM r 1 


m, 

(J) 

mi 

(2) 

nm 

m, ^ 

(3) 

z (y, - K) 

(4) 

‘ Z (^1 - X) 
(5) 

r' 

(6) 

' ■ IZ (y, - X)J 

(7) 

r' 

34 

68 

0 253 

606 

0 413 

64 5 

0 266 


35 

70 

0 164 

3 83 

0 268 

69 1 

0 185 


36 

72 

0 198 

4 49 

0 323 

73 7 

0 238 


36 

72 

0 238 

5 38 

0 387 

78 3 

0 303 


37 

7.4 

0 054 

I 19 

0 089 

82 9 

0 074 


38 

76 

1 505 

32 23 

2 449 

87 6 

2 145 


39 

78 

0 229 

4 78 

0 373 

968 

0 361 


40 

80 

1 599 

32 55 

2 604 

101 4 

2 640 


41 

82 

0 043 

0 85 

0 070 

106 0 

0 074 


41 

82 

0 236 

468 

0 384 

1106 

0 425 


42 

84 

1 371 

26 57 

2 232 

115 2 

2 571 


43 

86 

0 100 

1 88 

0 162 

124 4 

0 202 


44 

88 

0 705 

13 05 

1 148 

129 0 

1 481 


44 

88 

0 055 

1 03 

0 091 

133 6 

0 122 


46 

92 

0 048 

0 85 

0 078 

142 9 

0 111 


46 

92 

0 403 

7 13 

0 656 

147 5 

0 968 


48 

96 

0 022 

0 37 

0 036 

156 7 

0 056 


48 

96 

0 003 

0 05 

0 005 

161 3 

0 008 


49 

98 

0 250 

4 15 

0 407 

165 9 

0 675 


50 . 

10 0 

0013 

021 

0 021 

175 1 

0 037 


51 

102 

0 145 

2 32 

0 237 

179 7 

0 426 


51 

102 

0015 

0 24 

0 024 

184 3 

0 044 


51 

10 2 

0 001 

001 

0001 

188 9 

0 002 


51 

10.2 

0 097 

1 55 

0 158 

193 5 

0 306 


53 

106 

0 077 

1 20 

0 127 

207 4 

0 263 


55 

11 0 

0051 

0 75 

0 083 

221 2 

0 184 


56 

11 2 

0 375 

5 45 

0610 

230 4 

1 405 


Total 


8 250 
(dH'ldT,.) 


13 436 
(dWIdT^) 


15 572 
(dWIdTa) 



where = dmj = = dm for a proportional tax Since the change 

in tax revenue, dT^, is y, dm, the marginal welfare cost is 

dWjdT^ = rjm, + nm2 + ' • • (13) 

2-11 •'i 

Thus, to calculate the marginal welfare cost, we multiply r^m^ for each 
rate class by the share of total wage and salary income accounted for by 
that class, and sum over all tax rate classes. 

Columns 2 and 3 of table 2 present the results of these calctilations for 
the proporbonai tax. TTie marginal welfare cost due to labor supply 
distortions is the sum of the figures in column 3, or about 8,3 percent of 
tax revenue The marginal administrative and compliance costs should be 
added to this figure. Average administrative and compliance costs are 
2'-2.5 percent of tax revenue, but presumably the marginal costs are less 
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than this. Perhaps a figure of 0.7 percent is reasonable, and on that 
assumpuon the marginal welfare cost (due to labor supply distortions 
plus administrative and compliance costs) would be on the order of 
9 percent of tax revenue The margmal cost of public funds would then 
be $1 09 per dollar of revenue. 

To estimate the marginal welfare cost for a degressive tax that is added 
to the present system, it will be assumed that a certain amount of labor 
income is exempt from taxation Since actual taxable income under the 
federal income tax was only 61.4 percent of adjusted gross income in 
1974, we shall assume that only 61 4 percent of total wage and salary 
income is subject to tax The formula for estimating the marginal welfare 
cost of labor supply distortions (which can be derived in a manner similar 
to equations [!!]-[ 13] above) is then 

+ „ 4 , 

where (P; — ^) is total taxable wage and salary income ($455 
billion), or 61 4 percent of total wage and salary income 

Columns 4 and 5 give the estimates for the degressive tax The margmal 
welfare cost due to labor supply distortions is 13 4 percent of tax revenue. 
With marginal administrative and compliance costs included, the figure 
would be about 14 percent 

For a graduated rate tax above an exemption, the formula when 
taxpayers are in different initial marginal rate classes is 


dWjdTQ — 


I.J Yij ‘^"’i 

Z- (P, - K) dr 


+ rjm^ 


Zt Yik dmj 

Z, (Pi - K) dr 




(15) 


where dr is the change in the average tax rate on total taxable wage and 
salary income (not the change in the average tax rate for each bracket). 
As mentioned earlier, to calculate the marginal welfare cost for such a 
tax, it IS necessary to specify a particular change m the rale structure For 
case of computation, we shall assume that the federal income tax rates are 
changed in a way that maintains constant share progressivity so that the 
dmjdr terms m (15) arc equal to mfjr^, or each federal marginal tax rate 
divided by the average federal tax rate on taxable income ‘ * 

Columns 6 and 7 give the estimates for this change m the tax structure 
The marginal welfare cost due to labor supply distortions is 15 6 percent, 
or slightly above 16 percent when margmal administrative and cGmpliance 


Musgrave and Thin (1948) discuw share progressivity, although it is referred to as 
“liability progression " Constant share progrewvity siroj^y means that each peiwn'i 
share of total tax liability remains unchanged. The federal taxsuichargeof t968hadthb 
characteristic. 
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costs are included Comparing the results of the three alternative methods 
of raising additional tax revenue, we can see that the marginal cost of 
pubhc funds is greater the more progressive the change in the rate 
structure However, tlie exact magnitudes of all the estimates should be 
viewed as highly tcntaUve since they are quite sensiuve to the value of ij 
assumed Unfortunately, empirical research has produced no consensus 
about the sizes of compensated labor supply elasucities, and my assump¬ 
tion of a value of 0 20 may be substantially off the mark 

As was probably clear in the last section, I consider the major use of 
an estimate of the marginal cost of pubhc funds to be in the evaluation 
of government expenditures the marginal cost of public funds is the 
social opportunity cost of government spending This interpretation, 
however, immediately creates a difficult problem w/itcA estimate of 
marginal welfare cost should be used in the evaluation of a specific 
expenditure program^ 1 he difficulty arises because expenditure programs 
are not tied to parutular tax changes in existing political institutions, and 
therefore the source of funds to finance any expenditure program can 
never really be known And matters become even more complex when 
still other changes in the income tax structure are considered, and when 
changes in nonineotne taxes are also a source of potential revenue 

It is important to lecogmzc that it is literally impossible to determine 
the exact source of funds when governments use general fund financing 
(enacting tax and expenditure bills separately) In this type of situauon 
what IS clearly needed is a convention, or rule of thumb, that the applied 
econormst can use in the evaluation of expenditure programs ** It would 
appear that this convention should represent a judgment of the type of 
change in the tax structure that the government typically makes when 
more or less revenue is required Changes in the federal income tax over 
the past sev'eral years have tended to maintain the degree of progressivity 
(in the “constant share progressivity” sense), as in 1968, or to increase the 
degree of progressivity, as in 1964 and 1975 Thus, I would be prepared 
to argue that the assumpuon that public funds derive from progp’essive 
changes in the tax law (as in the third type of tax change considered 
above) would provide a reasonable convention to use in expenditure 
analysis Not everyone will agree with this judgment, but the need for 
some convention should be apparent 

The importance of measuring tax distortions at the margin is not 
restneted solely to income taxes since other taxes are also potenUal 
sources of funds for the finance of expenditure programs There is reason 
to suspect, however, that marginal welfare costs are lower for income 
taxes than for other taxes Consider the case of selective excise taxes If 

Harboger (1971) has argued persuasively for the adoption of a convention in the 
analogous context of the choice of a social rate of discount. 
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we assume that these taxes do not influence labor supply, then the 
principal distortion of excise taxes is to influence relative output levels. 
The total welfare cost of this distortion can be estimated (ignoring second 
best problems, and assunung constant costs) by where PQ is 

total expenditures on the taxed good, is the compensated demand 
elasticity, and t is the tax rate. The marginal welfare cost of an excise tax 
IS then Ejt if It IS assumed that quanuty consumed is unresponsive to a 
change in the tax rate Treating all goods subject to excise taxes as a 
composite good, we can use the esumates of Musgrave and Musgrave 
(1973, p 459) of 0 8 for e,, and 0 33 for I to estimate the marginal welfare 
cost At 26 percent it is well above the marginal welfare cost of income 
taxation If this is any indication of the magnitudes of marginal distortions 
of nonincome taxes, it suggests that income taxation may be the least 
expensive source of finance for expenditure programs * Further research, 
however, is clearly needed to check this conjecture 

Even tliough the marginal welfare cost of income taxes may be lower 
than for alternative sources of revenue, at 14-16 percent (for progressive 
changes in the tax structure), it is still a large part of the opportunity cost 
of government expenditures Thus, it appears that the conditions under 
whicti expenditure policies tan improve welfare are more restrictive than 
convenUonal analysis might suggest 
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A Model of Optimal Human-Capital 
Accumulation and the Wages of 
Young High School Graduates 
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This paper escimates the parameters of Bcn-Porath's model of optimal 
accumulation of human capital over the life cycle A discrcte-timc 
version of the model is presented, and previous estimates of its param¬ 
eters are considered Using longitudinal data on wages of young white 
high school graduates, these parameters are reestimated The point 
estimates of the two key parameters (the discount rate and the elasticity 
of investment costs with respect to investments) are implausible on a 
prion grounds, confirming the essentially negative conclusions of earlier 
studies 


In an oft-cited paper, Ben-Porath (1967) presented a formal model of 
optimal human-capital accumulation and showed that the optimal 
investment sequent e implied an optimal profile for earnings The purpose 
of this paper is to provide a more appropriate test of the model than is 
contained in Ben-Porath’s (1970) subsequent paper, using data on white 
high school graduates (rom the Survey of Work Experience of Young 
Men (SWEYM) 

In Section I, a discrete-time version of Ben-Poralh’s model and 
extensions proposed by Rosen (1973) are presented In Section II. the 
underlying parametcis of the model arc considered in order to determine 
the plausible rangts for these parameters In Section 111, previous 
estimates of the model’s parameters are considered It is argued that 
deficiencies in these tests could produce the observed inconsistencies even 

This paper IS bascti on my than (Brown 1974) I am grateful to Richard Freeman 
iCvi Gi.liches James Medoff, and the rclcrce for helpful suggeations Financial assistant 
vv^ provided by th< National Institute of Education, U b Department of Health, 
Education, and Welfare, under research grant no NE-G-00-0202. Rcsponubility (or 
errors or omissions is, ol course, rny own 
[louTnalofPolutcaitconomy, I<176, vol 04 no 2J 
igi 197b by The Univei^ily of C/hicago AJI nurhu reserved 

299 




JOURNAL OF POLITICAL EOONOUY 


300 

if the underlying model is correct A brief discussion of the data in 
Section IV is followed by estimates of the model’s parameters in Sections 
V and VI The estimates in these two sections are quite similar; however, 
judged by the standards of Section II, they are questionable on a priori 
grounds Conclusions arc offered in Section VII 


I. A Model of Optimal Postschool Investment 

It IS assumed that the individual determines his human-capital invest¬ 
ments in order to maximize the present value of earnings, 

F = £ r(/)0 + r)-', (1) 

t^o 

where t is the working age (1 e , length of working experience), Y(l) is 
observed earnings at working age t, N is the working life, and r is the rate 
of interest, assumed constant * Earning capacity at time t is equal to 
f2(l -f- where K{t) is the stock of human capital at time t, R is 

the rental price of liurnan capital at time t = 0, and g is the rate of 
growth in the rental price of human capital, due to labor- (and human- 
capital-) augmenting techmeal progress, pnee inflation, etc Again, R and 
g are assumed constant * Moreover, the human capital is “disembodied” 
—that IS, Its return is independent of any working-hours choice by the 
individual 

Investment costs depend on the amount invested, /(<) = K{t -I- 1) — 
K{t), following Ben-Porath, it is assumed that 

costof/(t) = ^/(<)'’(! + g\‘, 

P 

a functional form which exhibits increasing marginal costs of investment^ 
for P > 1 

This formulation of the cost of investment function makes two additional 
assumptions The first is that the fortes which generate g increase 
investment costs at the same rate as they increase the rental pnee of K 
Since the costs of I{tj are foregone output, if the time it takes to “Icam” 
I{t) IS independent of the rate of technical progress, the costs of accu- 


' Given the assumption of perfect capitai markets, the Fisher "separation theorem" 
i^pliea to human-capital investments, and eq (1) is the proper maximand, independent 
of preferences about the time stream of consumption 

^ Altemabveiy, g could be defined as the real rate of growth in the rental price of 
human capital suid r as the real rate of interest. 

’ Increasing marginal costs are required to fulfill the second-order conditions for 
maximizing V. 
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mulating K will grow apace with its rentel price. Convenience dictates 
that this assumption be maintained throughout,* 

A second neutrality assumption —the neutrality hypothesis in the 
literature—is also implicit in this formulation As K accumulates, the 
opportunity cost of a unit of Ume increases; hence, if the time it takes to 
“learn” /(<) were independent of K(l), the foregone-earnings cost of I{t) 
would rise proportionally with K{t) The model outlined above assumes 
instead that the foregone-eamings cost of /(/) is independent of K{t): one 
becomes more productive in acquiring human capital at the same rate 
that one becomes more efficient in producing output 
By way of summary, we can rewrite equation (1) as 


V = g - I [(1 + g)l{\ + f) ' 


( 2 ) 


where K{Q) is the human-capital stock on entry into the labor market, and 
D = (1 + r)/(l -t- 1 

Maximizing V with respect to /(O), /(I), , I{N) requires that* 


R 


J-I+1 


N-i 

i)--' - = 0 R 


= 0 


Since the first term is the present value of the earnings stream generated 
by an additional unit of K, while the second term is the marginal cost of 
acquiring an additional unit of K, this equation is simply the usual 
requirement that marginal return equal marginal cost For given 1, the 
marginal return is constant, while marginal cost is a function of/(/) The 
time path of investments is determined by the horizontal marginal-return 
function sliding downward and intersecting the stationary marginal-cost 
function at lower levels of investment (sec fig 1) 


* Becker (1964, p 53) mterprcti “neutral” technological progren diRercntly. returns 
Irom all investments grow at rate g, but costs arc unchanged He argues that would 
ixplain the growth in human-capital investments over time Whaiever the merit of his 
irgumctu in explaining rising educational levels, lU appeal in relation to oH-tiit-job 
nvestments depends on these investments having grown over ume, a more questionable 
iroposition 

5 


lut 




/(ill _ (1 hrj a r + I 
il(l) lO fot j S I 

lie cquaUon in the text follows directly 
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Fig 1 —Determination of optimal imestments 


Solving for l{l) yields 


( D N-l \ll/«l-l)) /O \it 


(3) 


Here P{s) is the present value of a dollar per year for r years, and 

ot = m - 1) 

Unfortunately, /(/) is not directly observable However, given A’(O), a 
series of /(t) will imply a path for F(<) 

y{t) = (1 + g)' |«A'(0) + tr 

where C = R(Iilay = a{Rjay^ Rather than focusing on the level of Y 
(as in equation [4]), we can also find the increase in 1' implied by the 
optimal investment senes 



Ay(0 = Y{1) - (1 +g)Y{t - 1) 


= (1 + - / + ir - ^ (5) 

[P{N - ly" - P{N - I + i)“<']| 

Thus, both the level and the change in Y are functionally related to 
one observable variable (working age) and four parameters {fi, D, C, 
and g) which are assumed to be the same for all individuals * 


‘ Of counc, the sample could be divided into subgroups and the hypothesis tested that 
some or aU of the parameters were equal across groups (see Rosen 1973) Dividing the 
sample into two groups, according to IQ. scores or according to SES, produced no 
statisticallv significant diifcrencei in parameter esumates between groups (see Brown 
1974) 



CAPITAL ACCUMULATION AND WAGES 


303 


The model outlined above describes the optimal age-eamings profile of 
an individual over Umc; it is less adequate as a description of the earnings 
of individuals from different cohorts over time, which the SWEYM 
provides Equation (2) makes the worker’s earnings a function of his work 
age I, but Ignores the effect of cohort Thus, the model predicts that if 
father and son are otherwise identical, their earnings at / = 0 (or any 
other /) are equal However, the effects of labor-augmenting technical 
progress, secular price inflation, and differences in the initial stock K(0) 
which each cohort brings to the labor market will make earnings of 
identical individuals in different cohorts diverge Let v (for vintage) be 
the index for cohorts The most convenient cohort index defines v = 
- (no periods since the cohort’s entry into the labor market) 

Rosen incorporates the influence of cohort with two modifications of 
the basic model First, the initial capital stock A'(O) is allowed to be a 
function of the individual’s cohort The K(0, v) might increase over v, for 
example, if skills previously learned in the labor market came to be 
learned in school, or if workers learn additional skills while in school via 
part-time employment ’’ On the other hand, in a sample selected 
according to years of schooling, K{0, v) might decline with u as average 
schooling levels increased throughout the economy, the “ability” range 
from which the typical high school graduate is drawn may decline Welch 
(1973) found evidence of positive vintage effects, suggesting that the 
fiist set of influences may predominate A second type of vintage effect 
IS included by assuming that both the rate of return and the cost of 
investment at < = 0 grow at rate g 

R{v) = f?(0)(l ^)“, 

a{v) = a(0)(l + gy 

This means that for the uth cohort, (1 + g)" can be factored out of the 
expression for earnings and thus from the present value expression 
(eq [2]) The optimal investment path is unchanged since, at any time 
^ iV multiplies both the marginal-return term and the marginal- 
cost term Therefore, the earnings for an individual of working age t 
will be 


Y{i,v) = {I + 0“^'|«A(0,P) + C(0) 


LS 


PiN - s)’ 


- -P(JV 




(4') 


For individual cross sections, u + / is constant, if cohorts arc indexed 
appropriately, 1 / -(- < = 0, and (4') reduces to (4) When the available 


’ It u worth emphaauing tJwt changes which uicrca^ the abihty to learn in the 
Jabor market (i.c., reduce a) arc not exampla of thu type 
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data are a senes of cross sections, v + < is a constant for each cross section 
When only a single cross section of F is available, we can derive an 
expression for F-gains only on the assumption that K{0', v) is constant 
across cohorts * 

^*Y{t,v) = Y{t,v) _ y(« - l,p + I) 

= (I + gy^’Cio) (5*) 

X |p(A^ - ^ + 1)* - - O'" - ‘ + 0'"J| 


If a senes of cross sections is available, we can difference over time for each 
mdwidual to get 

^Y(t,v) s Y{l,v) - (1 +£)r(/- 1,1-) 

= (1 + gr'C{Q) (5') 

X ^^P{N - i■^r \y - - O'" - ' + O'" 



n. Determining Plausible Ranges for the Model’s Parameters 

Before considering estimates of the parameters of the model, it is useful 
to ask whether there are limits within which each of these parameters 
should lie 

Since g is the growth rate of the rental price of human capital in 
normnal tenns, it includes the influence of both inflation and changes m 
the real rental price If the stock of human capital per worker were 
constant over time, growth in a suitable per capita earnings index could 
plausibly be taken as a measure of ^ ’ If we are willing to assume that 
human capital per worker is not declining over time,*® g is less than or 
equal to the growth in average earnings On the other hand, unless the 
rental price of human capital is declining in real terms, g will be greater 
than or equal to the rate of price inflation 
Smee Z) cs: 1 + r — g, finding a plausible range for D depends on 
finding bounds for r If r is taken to be a lending rate rather than a 

' Diflferencing across cohorts makes sense only if our observations are group-means 
rather than individual-level data 

* A change in the average human-capital stock per worker would occur if either the 
age structure of the work force or age-spccific human-capital stocks change. Vintage- 
related dificrenccs in K (0) would be an example of the latter change 

to Thu aaumpuon u more plausible in the sample period being studied (1966-69) than 
It might be in other (e g , more recent) penods. 
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borrowing rate, and does not include a “nsk prenuum,” then r should 
roughly equal g " If, on the. other hand, it represents a borrowing rate 
or includes a risk prenuum, somewhat higher values become plausible 
Both Ben-Porath (1970, p 141) and Thurow (19706, p. 74) have argued 
that, for human capital investments, r may plausibly be 15 percent or 
more 

Theory requires fi to be greater than 1 0 if investments arc to be 
positive and finite While any value of greater than 1,0 is theoretically 
admissible, the optimal-investment equation (2) gives some insight into 
plausible values for P The elasticity of investment with respect to Rja is 
a. s \1{P - 1) Suppose that a IS reduced by 10 percent—by government 
subsidy for on-thc-job training, for example—and R could be maintained 
How much would each I[t) increase? If ^ = 2, /(/) increases by 10 
percent for all t, while if ^ = 1 10, I(t) doubles Most readers would 
regard the latter figure as implausible However, it is hard to be sure 
that this reflects the implausibihty of /? being as low as 1 10, or skepticism 
that R could remain roughly constant if a reduction in a were successfully 
engineered ' ^ 

Finally, it does not appear possible to place any bounds on C other than 
the obvious fact that it must be posiUve 


III. Estimates from Previous Research 

The first estimate of the parameters of a model like this was reported by 
Ben-Porath (1970) While exogenous growth in the rental pnee of human 
capital is not discussed explicitly, the omission is of little consequence 
since the data arc cross-sectional, any estimate of g would be embedded 
in (and not identifiable from) the estimate of D (sec cq [5*]) 

Rather than confront wage or earnings data directly, Ben-Porath ex¬ 
amined the ability of the model to predict investment costs ( = {ajP) /(l)^ 
His investment-cost data were Mincer’s estimates of 1958 training costs 
for males by age and level of education (see Mincer 1962) He found that 
the model generated estimates of d in the low 20s and P very near 1.0 for 
the high school graduates However, investments decline more rapidly 
than the model predicted 


” Fcldstem (1973, p 21) argues that the lending rate available to most investon it 
not very different from the rale of growth of nominal output per man 

' ‘ An analogy with the neocia* cal model of physical investment may be helpful here. 
The voluminous discussion of Jorgenson’s (1%3) investment equation Focuses precueiy 
on the partial elasticity of desired capital slock with respect to user cost, if sumulating 
investment leads to lower output prices, this partial elasucity may overstate the total 
response of the capitaJ stock to reductions m user cost What u "musing" u an equatioti 
relating competitive output pnee to the user cost of capital. Similarly, if demand for 
human-capital services is melastic, any increase in I cau^ by a reduction in < wmdd 
be "choked off” by dedmmg R. 
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Ben-Porath’s paper seems to have discouraged further tests of his 
model Even research whose theoretical foundation is based on Ben* 
Porath’s model has avoided using the imphed functional form in empirical 
tests (e.g , Lillard 1973, and, less clearly, Haley 1973) 

However, the negative results he reports may well reflect flaws m the 
testing procedure rather than inadequacies of the model The ovcrrapid 
dcchnc in investment costs may be illusory rather than real 

Since the investment-cost senes is based on cross-secttonal eamtngs data, 
either vintage effects in ^(0) or vanadon in work year could produce the 
illusion of dcchning investments The danger of vintage effects was 
recognized by Ben-Porath himself (1970, p 141) if /r(0) is smaller for 
older members of the cross secuon, and this fact is ignored, a decline in 
earnings gains in the cross secdon will be taken to reflect declining 
investments A similar danger, due to vanadons in work year, was 
pointed out by Thurow (1970a, p 154) if work years increase at young 
ages and level off thereafter, earnings gains will level off even if invest¬ 
ments remain constant, Mincer’s procedure, however, would take the 
decline in earnings gams as refleedng declining investments 

Rosen (1973) suggested an additional difficulty with Ben-Porath’s test 
of his model He noted that any attempt to infer human-capital invest¬ 
ments from observed earnings will be conditional on the assumed cost-of- 
investment function Mincer’s estimates assume that the human-capital 
investment funedon exhibits constant average costs But, Rosen argued, 
this assumpdon is inconsistent with Ben-Porath’s model of optimal 
invesdnent. it would mean that marginal costs as well as marginal 
returns are constant, and optimal investment would be either infimte, 
zero, or indeterminate Abandoning the investment-cost senes, Rosen 
attempted to test the model directly on cross-sectional earnings data from 
the 1960 census However, he imposes the restriction /? = 2 on the model. 
The resultmg point esUmates of d are negative for white high school 
graduates 

An appropnate test of the model therefore requires a repealed cross 
secdon of data on wages, so that the pitfalls of vintage effects in K(0) and 
changes in work year, and the conceptual problems Rosen pointed out, 
can be avoided The SWEYM provides such data, moreover, by studying 
young men, we can observe the pienod in the life cycle when most post- 
schoohng investments are made 

rV. The Data 

Data for esdmadng equadotis (4') and (5') are available from the 
SWEYM ‘ ^ A 5,225-member sample of the civilian noninstitudonal male 
population age 14-24 was interviewed originally in 1966; reinterviews 

** For s more detailed dcKnption of the data, see Parues, Miljus, and Spits (1970, 
chap. 1 and appendix A) 
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were conducted in each of the 3 following years. From these 5,225 
potential observations, the sample analyzed here was selected. It included 
white respondents who (1) had completed exactly 12 years of schooling 
m 1966, (2) were out of school at each survey date, and (3) reported a 
wage at each survey date The resulting sample size was 323 Obviously, 
any selection procedure reflects judgments on the importance of sample 
homogeneity versus sample size, the present sample clearly reflects an 
emphasis on homogeneity 


V. Explaining Wage Levels 

Equation (5') was estimated from the data in this sample, with 
Y{l — 1,1/) = 1966 wage, and F(/, v) = 1969 wage The work life N 
was chosen so that a retirement age of 65 was assumed Rather than 
estimating g directly, alternative values were imposed, and B, D, and c 
estimated conditional upon g This decision involves two conceptually 
separate issues—the justiflcation for imposing a value of g rather than 
estimating it directly, and the choice of the appropriate value for g 
In principle, g could be estimated directly by modifying equation (5') 
If Y[t) replaces Ay(t) as the dependent vanablc, and Y{t — 1) u 
included as an independent variable, the coefficient of F(l — 1) would be 
an estimate of (1 + g) Unfortunately, Y is subject to measurement error 
and “transitory” influences (which are formally equivalent to measure¬ 
ment errors), so that estimates of the coefficient of F(< - 1) are biased 
toward zero In fact, this bias drives the estimated coefficient below I.O, 
so that the implied value of g is negative ' ’ 

Although our primary interest 1 $ not m g, biased estimates of the 
coefficient of F(i — 1) result m biased estimates of C for given and D 
(and, presumably, error in the choice of ^ and Z) as well), Imposmg a 
value ofg can provide belter estimates of other parameters 
Suppose the “true” model is 

K(t) = (I +g)Y{t _ 1) + E, 

where 

^ = P(Af - 1 + 1)« _ 1 [/.(AT _ ,)«/> _ P(^ _ , + l)M] 

Since IS a decreasing function of t, and Y{t - 1) grows with t. X and 
Y(l - 1) arc correlated If we esUmate 


y{n - (1 + i)Y(i - l) ^Cx + e (6) 

(1 e, impose g - g and estimate C), the bias in esbmating C will be a 
monotonic function of g - g Note, however, that csbmatmg g and C 

Is *^-50 were,cxcluded u implautible. 

Of course, esumates ofg less than 1 0 are consistent with other interpreudons fej 
violation of the "neulrality” hypothesis) ■"rapretaiwtii 
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directly by least squares g^ves the same estimate of C as imposing g i 
(where i is the least-squares estimate of g). Therefore, if ^ is a biased 
estimate of g, and there is a value g such that i < g ^ g, impiosing g and 
esdmatmg (6) gives a better estimate of C than estimating g and C 
directly * * 

The choice of the correct value of g is complicated by the fact that 
there are two different growth rates of the rental pnce of human capital 
appearing in equation (5')—one appieanng explicitly on the leA-hand 
side, the other embedded in D The g on the left-hand side is simply a 
price inflator (reflecting changes in the rental price of human capital), and 
the actual value of g between 1966 and 1969 is the correct choice The g 
on the right-hand side of the equation reflects the rate at which the rental 
pnce IS expected to grow over the remaining honzon, so a longer-run 
value of g IS appropnate In order to estimate equation (5'), only the 
first g must be chosen in advance, the latter is needed only to identify r 
for given D 

Three values were chosen for the rate of growth in the rental pnce of 
human capital between 1966 and 1969. 0,13, 0 19, and 0 32 The first 
represents the rate of growth of (consumer) pnees during the pienod, 
while the second is the rate of gfrowth in average gross hourly earnings 
m the pnvate economy The third value is based on the ratio of wages 
of sample members age 20-24 in 1969 to wages of sample members age 
20-24 in 1966 The discussion in Section II suggests that these choices 
span the range of reasonable values for g 

Equation (5') was estimated by searching over various values of fi and 
D, and selecting the D pair which minimized the sum of squared 
residuals A gnd of values of D ranging from 1 01 to 1 50 was established 
Since the “period” of analysis is 3 years, these correspiond to annual 
discount rates from 0 003 to 0 13 For given D, a golden-section search*’ 
of values of p from 1 03 to 2 00 was undertaken to find the optimal point 
estimate of P Fortunately, there was no problem of multiple local 
minima 

The results of the estimation arc summarized in table 1 Three 
conclusions emerge 

1 While the point esumates of P depended on the value of g imposed, 
the point estimate of D which minimized the sum of squared residuals was 

* * Fornially, Y{t — 1) u an omitted vanable whenever g g , and the bias in the 
estiinate of C u the product of the coefficient of X regrcMrd on Y(,l ~ 1) and the 
coefficient of y(/ — 1) in the “true” equation Y{t) — (1 + g)Y {I — 1) «• CX + 
(t — t ) Y{t — 1) + « Since that coefficient u equal to {g — g ), a better impoied value 
reduces the bias of estimating C The situation diffeis from the usual problem of pnor 
knowledge about coeffiaenti (Theil 1971, pp 346-47), in that the least-squares estimate 
of C IS not unbiased. 

* ’’ A goldovsection search is an efficient technique for finding a local minimum fiir a 
fiinchon (see Jacoby, Kowahk, and Fizzo 1972, chap 3). 
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TABLE 1 

Point Evtoiatu of fi and t > in Equation (S') 



g-013 

(CPI) 

g = 0.19 
(ACHE) 

/-032 

(Internal) 

Equation (5'). 

Estimate of 0 

1 792 

1 468 

1 159 

Estimate of D 

1 010 

1 010 

1 010 

Sum of squared residuals 

341 69 

357 01 

389 24 

Quadratic function of age 

Sum of squared residuals 

341 38 

356 90 

389 18 


1 01 for all three values of D While the plausibility of the point estimates 
of appears sensitive to choice of g, the point estimates of D are 
disarmingly low ' ® 

2 The data do not allow us to estimate P and D very precisely Since 
P and D enter equation (5') nonlmcarly, a standard procedure for 
finding the confidence region is that based on the likelihood ratio 
Choosing values of P and D other than the “optimal” point estimates can 
be thought of as imposing two restrictions on the estimation of the 
equation Let SSR^^ be the sum of squared residuals at the optimal point 
estimates, and SSR^ be the sum of squares when P = P*, D =: D* Then 
the likelihood ratio is equal to 



where n is the number of observations 
restrictions, the quantity 


n log 


SSR^ 

SSR„ 


Since we have imposed two 


is distributed approximately as x^(2) (Thcil 1971, pp 3%-97) To find 
the p*, D* pairs which he within a 90 percent confidence region 
iXo 9o( 2) = 4 61), wc solve the following inequality for SSR„ 


«log^ ^4 61 


SSRa 

SSR^ ^ 


('•=?)* 


SSRa (approx ) 


of “mual boms on 

^ “^ variable which wa. avaiUble m the 1967-^9 furvcyi Usual bouis were 
TOiutructed M hours last week" - ‘■overtime” + ‘‘unuiual reducUon" m tvoritweek To 
be ce rtain that this ^tential noncomparability did not distort the results, eq. (5') was 

^t of P were about 0 . 20^1 Z 

the point esbmates of 7) remained at 1.01. ^ 






310 


JOURNAL OF POLITICAL ECONOMY 


ft 



Fig 2 —90 percent confidence regions for 0 and Z) in eq (5'). Settd luu = CPI 
(# = 0 13), tong dashes = AGHE (g ~ 0 19), short dashes = Internal (# = 0 32) 


In figure 2, approximate 90 percent confidence regions for p and D are 
shown for each of the three values of g Only P, D pairs in which both 
parameters are near 1 0 he outside these regions Thus, while the point 
estimates are unsatisfactory, the confidence regions include almost any 
plausible P, D pair 

3 Equation (5') fits the data roughly as well as an equation in which 
wage gains are a simple quadratic function of age The rough com- 
parabihty of the two forms is not surprising, given the limited age range 
covered by the data Equation (5'), however, flattens out without turning 
down as f -♦ -Af Tins property is consistent with existing data (see Mincer 
1974, p 70) and is difficult to impose on the quadratic alternative 
Arguably, the sample on which these conclusions is based is inappro¬ 
priate, in that the large wage gains observed among the youngest 
respondents may reflect the process of finding jobs consistent with their 
skills as well as the augmentation of skilb which the model emphasizes. 
Omstem (1971, p 417) has concluded that such adjustment '‘takes place 
very quickly, mostly withm a year of entry [mto the labor force] and 
almost all of it within two years after entry.” 

To explore this possibihty, equation (S') was estimated from a sample 
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which included only those respondents who had begun their first job 
after high school at least 2 years before the 1966 survey. However, this 
experiment produced parameter estimates which were, if anything, even 
less satisfactory, the estimates of77 remained at 1.01, while point estimates 
of P were lower than in the larger sample. 


VI. Explaining Wage Levels 

Focusing on changes in wages or earnings is a convenient way of dealmg 
with differences in the initial capital stock, A^(O) With the data available 
from the SWEYM, a real price is paid for this convenience, since data 
for 1967 and 1968 were effectively discarded. It is possible to make use 
of the data reported in these 2 years by estimating equation (4'), which 
describes the time path of the level of wages implied by an optimal 
investment program 

As before, when the rate of growth of the rental price of human capital 
is not constant, (1 + is replaced by an index of the actual growth 

rate Wages were deflated by this index (for each of our three measures 
of^), and the “constant dollar” wage was used as dependent vanable. 

For given and D, the term in brackets in (4') can be constructed for 
each individual in each year, since it is a known funcuon of the 
individual’s age If we were willing to assume that there are no vintage 
efiects in K{0), an intercept could capture RK{0) We can allow A'(0) to 
differ across cohorts by adding a set of cohort-spwcific dummy variables 

Given an additive error term with the usual Gauss-Markov properties,* ’ 
equation (4') can be estimated directly by ordinary least squares For 
each /?, D pair, we can compute the cohort-spiecific initial-stock effects, 
the coeflicicnt C, and the sum of squared residuals, after searching over 
and we can select the value which nrunimucs the sum of squared 
residuals 

I'hc values of fi and D which minimized the sum of squared residuals 
are presented in table 2 The values of D arc l-ytar discount factors. 
Comparing these results with those in table 1 reveab that the two sets of 
point estimates arc strikingly similar 

II the residuals from equauon (4') satisfy the usual condiuons, the fi, D 
pair which minimizes the sum of squared rcsiduab will be maximum- 
likelihood estimates of the two parameters While it is reasonable to 
assume that the disturbances arc independent across individuals, it is 
questionable whether the disturbances for any individual are independent 

' * This u not an innocent awimpuon, since it impliei that the error for an individual 
at working age I la independent of that at ( — i. Thu asiunption u examined below 
The search was over a rectangular gnd o( fi, D values. The goMen-section leardh 
over fi was abandoned due to cost 
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over time. If we “stack” the observations so that the four observations for 
any individual appear sequentially, our dependent variable 7 is a 1,292- 
element (= 4 years x 323 individuals) vector The matrix of independent 
vanables has nine columns (= eight cohort dummies*' and the nonlinear 
function of and D in eq [4']) and 1,292 rows, while the coefficient 
vector y has nine elements (eight vintage effects and the estimate of C) 
Letting t index individuals and t index time, we have 



or y = Ay -)- U Of course, individuals can be grouped by cohort to 
provide further structure to the .V matrix, but that is not essential here 
Define X* = ^{UU')., X* ^ symmetric matrix with 1,292 rows and 
columns Independence of disturbances across individuals means that 
can be written as a block-diagonal matrix, with the 4x4 submatrix 
t = 1, , 323 as the ith block If we assume that is identical across 

1 , and let be this common submatrix, we have 



The sums of squared residuals can be used to select maximum-likelihood 
estimates of fi and D only if X = 

A more general procedure is to find a maxiinum-likelihood esUmate of 
2] and y conditional on the various fi, D pairs and ask whether = «7*/ 
appears to be a reasonable restriction on 

The computational procedure is conceptually straightforward for 
given p and D, estimate y by ordinary least squares Estimate 21 from the 
least-squares residuals « 11 , >«i, 4 . < 2 ,i> >* 323 . 4 ^* 

j irs 

One can use this ^ as the basis for a second round of weighted least 
squares and obtain a revised coefficient vector The new coefficient vector 
can be used to obtain another estimate of the vanance-covariance matrix, 

Hiere are eigfat cohorts in the lample, nnce it contains individuals age 17-24 in 1966. 
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and this in turn used in another round of weighted least squares for still 
another coefficient vector If this iterative procedure converges, the y and 
]£ are maximum-hkehhood estimates of y, 5^ Happily, in the present 
sample, the iterative process produced almost no revision in f or after 
the first weighted regression 

The estimated vanance-covanancc matrices had substantial (and 
nearly equal) off-diagonal elements For example, with g = 0 19, 
P = 1 40, and D = 1 003, the estimated vanance-covanance matrix 
was 


0 644 

0 373 

0 359 

0 330 

0 373 

0 564 

0 410 

0 384 

0 359 

0410 

0 636 

0514 

0 330 

0 384 

0 514 

0 795 


We can test the restriction = tr*/ as follows If the restriction is 
true, ordinary least squares provides the tnaximum-likclihood estimate 
for the coefficient vec tor, and the estimate for is 


1 " 

= — y 


‘I 


Let «, be defined as the T'-vector whose elements are j- (i c., 

the vector of residuals lor the ith individual), and k be the number of 
columns in A’ (= 9), then the log-likelihood funt tion is 




= log 2k 


2 

nl 


2 ^ 

a j, 

log — \nT 


(7) 


Given an unrestricted matrix the iterative procedure described above 
IS appropriate 'I'hen, 


t = 




where is now the T'-vector of residuals using the final (maximum- 
likelihood) estimate of the coefficient vector The log-likehhood function is 



= ^ log 2it - ^ log El - {nT 


( 8 ) 


The near equality ol 
components form 


otr-diagonal elements suggests that tf,, may be of the vanance- 


=a tv, + 

£tv, - £y„ m EW,V„ = 0. 

implied E IS then EU.U’, = Var(tV,) j/ + VarfV,,)/ where j u a T-vector trf 
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TABLE 2 

Point EsnwATES of fi and D in Equation (4') 



CPI 

ACHE 

Internal 

Equation (4') (OLS) 

Estimate of fi 

Estimate of D 

Sum of squared residuals 

1 600 

1003 

901 61 

1 400 

1 003 

852 38 

1 150 

1 003 

760 08 

Test statistic for null hypothesis 

2; = tV 

640 

653 

632 

Equaaon (4 ) (GLS) 

Estimate of p 

Estimate of D 

1 600 

I 003 

0 03268 

1 400 

1 003 

0 026506 

1 150 

1 003 

0 016941 


Then the logarithm of the likelihood ratio is 

A = ^(loglEl - riogd^) 

The test statistic — 2A reported in table 2 is distributed (asymptotirally) 
as Therefore, we can reject the hypothesis Yi = with a high 

degree of confidence 

The results of estimating equation (4') with Y unconstrained, for a grid 
of P, D pairs, are also presented in tabic 2 The maximum-Iikehhood 
estimates of p, D arc the P, D pair which minimize |£]| (see eq [8]) 
The point estimates labeled “GLS” m table 2 are these maximum- 
Iikelihood estimates Comparison of the OLS and GLS entries reveals 
that the point estimates of P and D are virtually unchanged by the use 
of the generalized least-squares procedure 

Table 2 can be used to construct a confidence region for P and D, using 
the likelihood ratio For any P and D, the log-likelihood equals ii/2 |^| 
plus a constant which does not depend on P and D If we let be the 
^ matrix at the optimal p and D, and J], be the Y matrix for some other 
P, D pair, we have 



and — 2A IS distributed asymptotically as x^(2) Therefore, for a given 
confidence level, we can solve for the value of log |2|, and hence for the 
value of El, which is on the boundary of the confidence region. 

Figure 3 presents 90 percent confidence regions As in figure 2, it is 
clear that only P, D pairs in which both elements are near 1 0 he outside 
these regions 

Equation (4') was also estimated for the subset of respondents who had 
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105 110 115 120 

Fio 3 —90 percent confidence regions for /? and D in eq (4') Solid lint <= CPI 
(f = 0 13), long dashes = AOHE (g = 0 19), short dashes = Internal (g »= 0 32) 

begun their first job after high school at least 2 years before the 1966 
survey Once again, point estimates of D were unaffected, but esUmates 
of p were somewhat lower in this sample 

VII. Conclusions 

The SWLYM data on white high school graduates allow a more appro¬ 
priate lest of the optimal investment model than is possible with cross- 
sectional data While the point estimates presented here differ from those 
reported by Ben-Porath (1970), the general performance of the model is 
equally discouraging The SWEYM estimates of p were higher than 
Ben-Porath’s, though somewhat sensiUve to choice of g Estimates of £>, 
however, were consistently near 1 0 Unless one is prepared to accept the 
idea of interest rates for human-capital invcstmcnu near long-run g, 
these point esUmates of D must be regarded as implausibly low Con¬ 
fidence regions about these point estimates were uniformly large, 
reflecting both the importance of transitory influences m the data and the 
peculiarities of the nonlinear csUmating equations which the model 
generates 

In commenUng on the findings of Ben-Porath’s paper, Mincer (1970) 
emphasized the rcstrirtivencss of the neutrality hypothesis as a likely 
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villain Unfortunately, unless the neutrality hypothesis is maintained, 
there is no closed-form solution for the optimal sequence of investments 
and, hence, no explicit optimal earnings profile We are left with a 
specific version of the model which generates questionable parameter 
estimates and a more general model which is difficult to test directly 
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This paper utilizes an economic model to analyze the determinants of 
legislative decision malting The model is empirically tested using the 
statistical technique of n-chotomous multivariate probit analysis The 
legislative issue addressed is the 1973 amendment to the Fair Labor 
Standards Act 1 he amendment proposed to increase the minimum wage 
and the number of workers covered The dependent variable denotes a 
representative's voting pattern on the minimum wage, ihc independent 
variables represent economic characteristics of a legislator’s con¬ 
gressional district 1 he hypothesized linkages between the set of indepen¬ 
dent variables and legislative voting patterns were generally substantiated 
in the empirical tests 


I. Introduction 

The science of economics is concerned with the allocation of scarce 
resouices among competing ends where the market system, central 
planning, and the political process are alternative institutional frameworks 
witlnn whnh allocative decisions may be formulated TradtUonally, 
economic theorists have concentrated on analyzing the workings of the 
market system and the operations of central planners Thus, the study of 
the political (collective decision making) process has been delegated to 
other disciplines Since the late 1940s, however, a body of literature has 
developed that attempts to integrate the collective decision-making 
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may have raised common labor rates in low-wage areas faster than they 
would have risen otherwise, exerting some pressure also on rates above 
the mimmum Thus, union influence in these areas has been exerted 
mainly through legislative pressure rather than through collective 
bargaining In hearings before the House Education and Labor General 
Subcommittee, March 1973, Andrew J Biemiller, director of the 
department of legislation of the AFL-CIO, urged favorable action on 
the minimum wage He challenged as “simply not true” arguments that 
the minimum wage caused higher unemployment for young people “The 
last few years have reduced the buying jxiwcr of the minimum wage so 
that the minimum wage worker is worse off today than he was in 1966 
when the minimum wage was $1 25 an hour ” Biemiller recommended a 
uniform minimum wage foi all workers of at least $2 immediately, with 
substantial increases in the next 2 years directed toward a $2 50 minimum 
“in the near future ” 

2 Regional impact (REG) The impact of the minimum wage is 
uneven It has vii tuallv no direct effect on durable-goods manufactunng, 
construction, or public utilities It docs affect labor-intensive branches of 
manufacturing, including textiles, canning, paper, and furniture The 
effect on these industries includes not only the wage impact but also 
mdustnal-location shifts Marshall C'olberg, in his presidential address to 
the Southern Economic AsscKiation, hypothesized that “ although 
studies of the effects of federal minimum wages have emphasized the 
consequent short-run losses in employment, it is quite certain that the 
long-run effects on the location of labor-intensive activities arc more 
important These locational effects provide the primary political impictus 
for such legislation" iGolberg 1963, p 165) Colberg suggests that 
legislators from more industnalizcd areas support the imnimum wage as 
a device to reduce the normal tendency of industrial shifts from their own 
relatively high-w'age area to competitively lower-wage regions Additional 
support for the “C'olberg hypothesis” is given by the following quotation 
from Senator Jacob Javits of New York “I point out to senators from 
industrial states like rny own, that a minimum wage increase would give 
industry in our states some measure of protection, as wc have too long 
suffered from the unfair competition based on substandard wages and 
other labor conditions in effect in certain areas of the country—pnmanly 
the south ” On the basis of the industrial-location impact of the minimum 
wage, It is anticipated that lalxir-intcnsive manufactunng voter-consumers 
m high-wage (low-wagc/ areas would demand positive (n^pitive) PSE on 
the mimmum wage 

3. Small business (SBI; The minimum wage adversely aflects many 
small businesses, particularly the retail and service industry groups, by 
raising the cost of labor The 1973 legislation extended minimtun-wage 
coverage gradually to approximately 700,000 retail and service employees 
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previously exempted. Thus, business leaders in these industry groups are 
expected to demand negative PSE on the minimum wage In hearings 
before the House EducaUon and Labor General Subcommittee, March 
1973, Robert T Thompson, in behalf of the U.S Chamber of Ckimmerce, 
warned that the rmnimum-wage increases “ . constitute a clear 

danger of creaung greater unemployment and higher inflauon.” James R. 
Williams, president of the Nauonal Retail Merchants Association, 
warned that further increases in the minimum wage would mean curtailed 
hiring, lower employment levels, and a continuing shift toward employ¬ 
ment of part-time workers A jump in the mimmum wage would place 
an “intolerable burden” on the retail industry, Williams testified. 
Frederick L Williford, director of government affairs for the National 
Federation of Independent Business, testified that 84 percent of the 
members of his 335,000-membcr organization participaung in a poll 
favored retaining the minimum wage at $1 60 In addition to the impact 
of the minimum wage on labor cost, small business and nonumon interests 
generally are expected to demand negative PSE on the nrummum wage 
due to the adverse income effect That is, these voter-consumers are 
likely to be nearer average earnings which are well above any proposed 
legal minima Since the prices of goods and services they buy are increased 
following minimum-wage increases, their real income is reduced 

4 Low-wage workers (LWW) Workers with wages below the proposed 
minimum may either benefit or lose If the minimum wage is established 
above the market rate, employment will decrease but wages for those 
still employed will rise As the minimum wage rises relative to the market 
rate, however, more and more labor units will find it in their interests to 
oppose such an increase in the minimum wage The higher the mimroum 
wage relative to the market rale, the lower the rauo of those who benciit 
to those who are hurt and consequently the less the influence of those who 
benefit (Steindl 1974) The expected preference by this voter-consumer 
group will depend on the ratio of the income effect to the unemployment 
effect 

5 Teenage workers (TEW). Teenage workers are expected to demand 
negative PSE on the minimum wage Several recent studies have 
concluded that the minimum-wage system has a particularly advene 
effect on the employment of young people and has contnbuted to a rise 
in the teenage unemployment rate.* A legal minimum wage, furthermore, 
is detrimental to teenage workers because of their low productivity due 
to limited traimng aid educaUon The most controversial issue raised 
during the debate on the 1973 minimum wage involved the question of a 
youth-differenual wage The youth-differential provision would have 
allowed empioycn to hire 16- and 17-year-old youths for 6 months at» 


* For an exan^ of one teoent study, tee Adie (1973), 
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subminimum wage In his veto message, President Nixon said the failure 
to provide a youth difiercntial would cause increased unemployment 
among youths.** 

The analysis in Section II can now be summarized by substitutmg the 
dehneated beneficiaries and losers on the minimum wage into a political 
support effort function, that is, the level of political support effort on the 
minimum wage (PSE*„) supplied by a legislator depends on the intensity 
of preferences by various voter-consumer groups 

PSE*, = F(UNI, REG. LWW, SBI, TEW) (1) 

The political support effort function, PSE*,,, is continuous It is not 
limited to the exclusive alternatives of positive support versus zero 
support It lb, instead, related to a level of effort by a representative— 
that IS, the degree of lobbying and other supportive coercive activibes 
engaged in The larger the PSE*„, the greater the support effort by a 
representative for a legal minimum that is higher than the market rate 
and increased coverage Fairly weak PSE*„ could imply some support 
effort but for a legal wage that was not much different than the market 
rate and reduced coverage Even smaller PSE*„ might imply no positive 
supptirt effort by a legislator or negative action on the minimum wage 
The independent variables specified above denote the delineated 
beneficiaries and losers under the minimum wage Based on the previous 
discussion, the sign of the UNI variable is predicted to be posiuve while 
the direction of influence for SBI and TEW is expected to be negauve 
The sign for REG will depend on the industrial-location effects of the 
minimum wage m a congressional district, and the sign for LWW will be 
a function of the relative strength of the beneficianes (income effect) and 
losers (unemployment effect) witfun this voter-consumer group 


IlL Empirical Method and Results 

Legislative action to amend the Fair Lalior Standards Act in 1973 is the 
ob.servcd basis for the cmpincal invesUgations The 1973 legislation 
passed by the House (HR 7935) increased the hourly minimum wage, 
extended coverage to about 6 million workers, and allowed overtime pay 
coverage to certain employees previously exempted. The final version of 
the legislation passed by the House was substantially the same as approved 
by the House Education and Labor Comimttce. The Erlenbom substitute, 
rejected by the House 199 to 218, differed greatly in scope and intent. 
The Erlenbom substitute would have stretched out the increase in the 
minimum wage to 3 years, continued the differential between farm and 
noniarm workers, provided no new coverage, and permitted a youth 

’ Bresutent Nixon’i veto of HR 7935 was sustained by a 259 to )64 vote. 



minimum wage 3*3 

differential Thus, the final House bill was much stronger than the 
Erlenbom substitute 

The roll-call voting pattern of an individual legislator on the Erlenbom 
substitute bill and the final House bill is used as a proxy variable to 
represent the optimum level of political support effort on the minimum 
wage Three categories of PSE*, can be dehneated- 

Category one (YN) A legislator exhibiUng thu voting pattern is 
interpreted to be furnishing PSE on a restricted nunimum-wage bill 
(“yes” on the substitute bill, “no” on the House bill) The YN category 
represents maximum effective observed opposition on the 1973 mmimum- 
wage amendments 

Category two (YY) A legislator adopting this voung pattern appears 
to be willing to provide PSE on any minimum-wage bill (“yes” on the 
substitute, “yes" on the House bill) 

Category three (NY) A legislator following this voting pattern is 
supplying PSE for a comprehensive mimmum-wage bill (“no” on the 
substitute bill, “yes” on the House bill) 

The three observed categories of legislative roll-call voUng behavior 
represent levels of PSE on the minimum wage which increase from 
category one through category three These categoncs denote three 
observations of an underlymg conunuous dependent variable, PSEJ», 
which cannot be cmpincally measured ** 

Since the observations on the dependent variable are categoncal 
rather than continuous, multiple regression analysis is not an appropriate 
empirical technique ‘ * Therefore, n-chotomous multivanatc probit 
analysis is used in the investigations which follow * ^ The number of 
observations used was 403 Observations omitted were from vacant 
congressional districts and districts with a representative not voting on the 

The NN cla« was not empty Five representatives followed a NN voting pattern, 
these wire Idaho (2), Indiana (2), North Dakota, Tejiai (15), and Virginia (8) \%e fell 
that ihis small sample (I percent of the representatives) would not lead to mcamngfuJ 
empirical results The NN pattern, moreover, was not considered relevant because there 
existed a consensus in Congress that a mimmum-wagc increase was neemary, the debate 
concerned the extent of coverage and the time pattern of the increase 

" The orgaiiuation of the independent variable must follow the Gutinian scaling 
method Assigning a zero (0) (or a negauve response and one (I) for a positive rexporoe, 
the three categories follow a perfect Gutiman scale 00, 10, 11 An explanation of the 
Guttman technique may be found in Mokhen (1971) 

'* Serious statistical problems may ansc when mulliplr regression u used to analyxr 
data with ordinal observations on the dependent variable First, it cannot be assumed tluu 
the expected value of the error term it zero Second, the assumpuon that the error term 
has a constant variance cannot be met Third, the error term is not distributed normally. 
Fourth, regression analysts applied to ordinal data makes the unrealutic aauunptioii that 
the data arc cardinal 

‘ * Multivariate statistical models that deal wilh a dichotomous dcpendenl variable are 
discuised in Tobin (1958) and Goldbcrger (1964) The dichotomous muliivariair probit 
models have been extended to handle more than two categoncs of the dependent variaUe 
by Zavonia and McKelvey (1969) and Johnson'(1972) 
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TABLE 1 

1973 Breakdown or the Dependent Vaeiabee 


Code Value of 

Frequency of 

Response 

Obwrvation 

R(YN) = 1 0 

119 

R(Y\ ) = 2 0 

75 

R(NV) = 30 

205 


minimum wage ** A breakdown of the dependent variable is reported in 
table 1 

Due to measurement difticulties, the proxy variables used to measure 
the intensity of preferences of the voter-consumer groups specified in 
equation (1) are the following (1) UNI—the total campaign contribu¬ 
tions of organized labor received bv the winning candidate in the 1972 
congressional election is used to measure the degree of political participa¬ 
tion by labor union interests,’* (2) REG—a dummy variable was used 
taking on the value 1 if a congressional district is located in the South and 
0 if the district is located elsewhere This variable, once account is taken 
of the other independent variables, should isolate the negative preferences 
on the minimum wage in the South due to concern over losing their low- 
wage competitive advantagt in labor-intensive industries over other 
regions,** (3j SBI—the total campaign contributions from small business 
organizations received by the winning candidate in the 1972 congres¬ 
sional elections is used to measure the degree of political participation by 
these voter-consumers,*^ (4) LWW—the percentage of families and 
unrelated individuals over 14 years of age earning less than $3,999 is used 
as a proxy for LWW 'I he larger the percentage of workers earning less 
than the proposed minimum, the greater the number of voter-consumers 
affected by the legislation, and (5) TEW—the percentage of the total 

* * An abstain vote or the absence of a legislator waa not included as a poaaible category 
of the dependent variable because only a few obaervations followed thu pattern With 
only a few abstain votes and absences, the reasons for the action may not conform to 
mcanuighil legialauvc acuon Consider, for example, the pooaibiliiy of illneta or other 
penonal problems prohibiting a legislator from being present at the time of the voting 

' * The data source for campaign contnbuuons by both labor and business was Common 
Cause (1974). 

We expect that the region dummy variable would not matter as much if a good 
measure of wage imports were available A measure of the rclaUve wage in labor-intensive 
industnet would rep r e se nt an ideal proxy variable Data to construct such a wage measure 
arc not available by congressional districts We felt that the use of a South/North break¬ 
down was justified m order to capture the "Colbcrg eflcct ” Furthermore, only southern 
congressional districts were separated out due to the documented industnal-location 
shifts of labor-intensive industncs to the South because of the low-wage, nonunion 
advantages 

■I Small business organizations included several buHnessmen’s groups, primarily the 
National Association of Manu&cturen 



minimum WAOa 


3*5 


TABLE 2 


N-Chokmow Multtvamat* Paomt AMAi.vta: Tw Ofiimoti Uvw. or 
Support Epport on tkr 1973 Mwimum-Waor Uoimation 


Variable 

Maxumun-LikeUhood 

EaUinale* 

fi GoefBcient 

Labor unions (UNI) 

Small business (SBI) 

Regional impact (REG) . 

Low-wage workers (LWW) 

Teenage workers (TEW) 

0 00029t 

-ooooiet 

-0 61962t 

1 75I27t 
-12 095481 

1 47235 
-0 26990 
-0 28917 

017466 
-0 19570 


• Mmui 2 timei the lex of lh« likelihood rulio - M7 31MB. »ttU«ic»Uy iipiuficut M the l•|l«rccol levd 

or belter, K* dulribulion «l«h 5 df j . l. . .t i je 

t Stellilicellv MgniacMil « the 1-perceni leve or bMler, *» duInbulioD with I df 
t Stelulicelly iipnificenl at the 3-percefil level. diunbulioo with I df 


population that is 16-21 years of age is used as a proxy to account for 
teenage workers 

The results of the empirical testing arc reported in table 2 The equation 
IS statistically significant at the 1-percent level or better, as measured by 
the hkehhood-ratio test ‘ * The generalized likchhood-ratio test was used 
because the exact properties of the vanancc-covariance matrix arc not 
known Thus, the sampling-distribution test of significance (/-test) may 
not be accurate For the likelihood-ratio test, the estimation is first 
performed with the ^’s unrestricted as reported in table 2 It is known 
that —2 times the log of the likelihood ratio (-1*) represents the test 
statistic for overall significance To test the significance of individual 
coefficients, the estimation is periormed with the variable under investiga¬ 
tion omitted, (i*') denotes the corresponding test statistic with the 
variable under question excluded The fact that (A* — X*') is distributed 
as with 1 df was used as the test statisUc for each variable. The cnticsd 
region for the likelihood-ratio test is the nght-hand tail of the X* 
distribution.' * 

The test for significance revealed that the UNI, SBI, REG, and TEW 
variables are statistically significant at the I-pcrcent level or better. These 
variables have the predicted direction of influence on explaining the 
variation in the dependent variable Each variable, moreover, added 
significantly to the combined explanatory power of the equation. The 
LWW variable, for which the sign was not specified, exerts a poritive 
influence This indicates that workers earning below the proposed 

' * A (tatuucal test that measure! the explained varution in the dependent variabie k 
not reported The dependent varuble for the empincal tetu is categorical and wpmenu 
the “true” dependent variable, which cannot be empincally measured A dkewuon of 
the differences between multiple regresuon and n-chotomous probit with ie«Rid to 
mterpreUtion may be found in Silberman and Talley (1974) 

'• A thorough discusNon of the generalised likeltbood-raUo test may be ibund in 
and Graybiil (1963) 
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TABLE 3 

Correlation Coefficients for Variables in 
1973 Minimum-Waoe Ei^uation 




UNI 

SBI 

REG 

LWW 

TEW 

UNI 

SBI 

REG 

LVtTV 

TEW 


1 000 

-0213 

1 000 

-0 178 
0019 

1 000 

-0 117 
-0 118 

0 304 

1 000 

-0 118 
-0 007 
0 149 
0 531 

1 000 


minimum wage demand positive PSE„^ because the relative intensity of 
preferences of the expected beneficiaries under the proposed legislation 
outweigh the expected losers That is, LWW support the minimum 
wage due to the perceived beneficial income effect 

An examination of the correlation matrix as well as the overall 

sigmficance of the equation reveals that multicolhneanty does not appear 
to be a serious statistical problem The correlation coefficients are 
presented in table 3 The LWW variable, however, is correlated with 
TEW to a relatively high degree { 531) The influence of LWW was 
investigated by deleting it from the equation and then inserting it m a 
subsequent equation The LWW variable improved the overall statistical 
significance without rendering the individual coefficients unacceptable 
(“wrong”) on a prion considerations Thus, the LWW vanablc was 
considered useful and was retained as an explanatory vanablc 

In an investigation into the optimum level of political support effort on 
the minimum wage, it would be informative to compare and contrast the 
relative importance of the independent variables Since the maximum- 
hkelihood estimates are in different units, they cannot be compared 
directly To overcome this, the coefficients may be converted into units 
of standard deviations The results of these calculations are reported 
in table 2 

The most important vanable was UNI It is not surprising that umon 
mtcrcsts had the largest influence Unions felt intensely about passage 
of a strong mmimum-wagc bill and contributed significant amounts of 
campatgpi funds to representatives The REG vanable was next in 
relative importance, followed by SBI Small business interests, although 

Our result! do not invalidate the hypothesis that the lower the market wage relaUve 
to the proposed mimniuni the larger the probability ot being injured by the law The 
positive LWW coefficient suggests that in most congressional ducricls, the intensity of 
preferences of votcr-consunirn who feel ibrealcncd is not enough to get their representa* 
tive to furnish PSE against the minimum wage A tegislator will not change his voting 
pattern from “for” to "against’’ until the intensity of preferences for (hose perceived to 
he helped is less than the intensity of preferences for those perceived to be hurt. 

'ne roetbodolpgy for converting partial coeffiaents into units of standard deviations 
may be found in Yiunaiie (1969) 
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having strong negative preferences on the minimum wage, are not as 
politically organized as labor interests. The importance of the region 
dummy variable lends support to the “Colberg hypothesis” delineated 
previously. The LWW and TEW variables were not relatively important 
This may be attributed to two factors the fact that their stake in the 
minimum wage is not as important as other voter-consumer groups and 
political incompetence That is, these voter-consumer groups do not 
possess intense preferences on the minimum wage, and fewer of them vote 
and contribute campaign funds 


rV. Conclusions 

In recent years, considerable attention has been given to the development 
of a theory of collective decision making However, relatively little work 
of an empirical nature has been generated This condition appears to have 
at least three primary causes (I) existing models have failed to link 
theory with quantifiable variables, (2) data have not been readily 
available, and (3) appropriate analytical techniques have not been 
properly utilized In this paper, we have taken what we consider to be a 
small but important remedial step which may lead the way to a deeper 
understanding of the collective dccision-making process Specifically, a 
model of legislative decision making was developed and tested using the 
technique of n-chotomous multivariate probit analysis 

The results obtained were consistent with the theory The independent 
variables were statistically significant with proper signs in all cases 
Unions, small business, and region were the most important, while 
low-wage and teenage workers also appeared to influence roll-call voting 
patterns as expected Moreover, the results with respect to union and 
small business interests furnish significant statistical evidence regarding 
the impact of campaign contributions on the actions of political suppliers 
In general, the study appears to have provided sufficiently useful and 
accurate results, based on theoretical expectations, to merit much more 
intensive and extensive work by ourselves and others However, certain 
problems remain to be solved in order to refine the techniques and 
methodology used here In some instances it may be diflirult to define 
satisfactory proxies for specified intensities of preference by voter-consumer 
groups 

For ihe independent varuiblei in thi* study, the a prion relationships were based on 
tradiuonal economic association reinforced by testimony gathered from the rreoeds of 
congressional heanngs. However, a given model specificauon may be broader than cxisl- 
mg data available for empincal tests The coUceiion of pnmary dau through survey 
would then be necessary before a complete sei of parameter estimatrs could be geneniled. 
This shortcoming does not, of course, invalidate multivariate statistical analyiis wuh a 
truncated variable sel under the usual assumptions of independence. Thus, the use of 
relatively inexpensive data from census counts u a legitimate, if incomplete, exeicise. 
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In summary, we believe that the study represents a positive and needed 
step toward empirical verification of existing economic models of collective 
decision making This is particularly so because the research begun here 
can readily be extended since minimum-wage legislation is periodically 
rewritten. In addition, there are a host of other legislative issues which 
can be similarly investigated, such as open housing, educational subsidies, 
vocational training, etc In this way, it can be determmcd whether our 
approach can generate knowledge of the legislative process which is 
general in nature The effects of campaign financing, moreover, can be 
carefully analyzed by relating contnbutions to the roll-call voting pattern 
of political-good suppliers 


References 

Adie, Douglas K “Tecn-\ge Unemployment and Real Federal Minimum Wage ” 
J PE 81, no 2 (March/April 1973) 420-29 
Black, Duncan The Theory of Comrmtites and Elections Cambridge Cambridge 
L’niv Press, 1958 

Breton, Albert The Economic Theory of Representative Government Chicago Aldine, 
1974 

Buchanan, J., and Tullock, G The Calculus of Consent Ann Arbor Univ Michigan 
Press, 1962 

Cherrvholmes, C, H , and Shapiro, M J Representatives and Roll Calls. New York 
Bobbs-Mernll, 1969 

Clausen, R. A How Congressmen Decide A Policy Focus New York St Martin’s, 
1973 

Colberg, Marshall R “Human Capital as a Southern Resource ’’ Southern Ecoti 
J 29, no 3 (January 1963) 157-65 

Coleman, James S The Mathematics if Collective Action Chicago Aidine, 1973 
Common Cause “1972 Congressional Finances" Xerox, 1974 
Downs, Anthony An Economic Theory of Democracy New York Harper & Row, 
1958. 

Dye, Thomas Politics, F.conomus and the Public Chicago Rand-McNally, 1966 
Frohlich, N , Oppenheitncr, J , and Young, O Political Leadership and Collectuie 
Goods, Princelon, N J Princeton Univ Press, 1971 
Goldberger, Arthur Econometric Theory New York Wiley, 1964 
Johnson, Thomas “Quaiiiative and Limited Dependent Variables in Economic 
Relauonsbips ’’ Econometnea 40 (May 1972) 455-62 
Mokken, R J. Theory and Procedure of Scale Anaiysu The Hague Maton, 1971. 
Mood, Alexander M , and Graybili, Franklin A Iniroductum to the Theory qfStatutus. 
Hevt York: McGraw-Hill, 1963 

Olsen, Mancur, Jr The Logic of CoUectwe Actum. Cambridge, Mau,. Harvard 
Univ. Press, 1965 

Rothenberg, Jerome “A Model of Econcanic and Political Decision Making-” 
In The Pubbe Economy of Urban Corrmumties, edited byjulius MargoUs. Baltimore* 
Johns Hopkins Press, 1%5 

SiJberman, Jonathan, and Talley, Wayne K., “A^-chotomous Dependent 
Vanabta: An i^pitiication to Regulatory Decision-Making." In 1974 Butumi and 
Econonue SUUutki Stttion, Proceeding} of the Amenean SlatuUcal Auatution, Wash* 
ingtwi. Amencan Statistical Association, 1974. 



BlINIMUM WAGE 339 

Stemdl, Frank G. "The Appeal of Mimmum Wage Laws and the Invisible 
Hand m Government." PiAlu Chmu 14 (Winter 1974): 13J-36. 

Tobin, J “Esumation of Relationships for Limited Dependent Variables.” 

Sconomelrua 26 (195B) 24-36. 

Yamane, Taro Sfattstus An Introductory Analysts. New York. Harpier & Row, 
1969. 

Zavonia, William, and McKelvey, Richard "A Statistical Model for the Analysis 
of Legislative Voting Behavior ” Paper presented at the annual meetings of the 
American Political Science Association, New York, 1969 



V 



ommunications 


Perceived Wealth m Bonds and 
Social Security: A Comment 

Martin Feldstcin 
Haruard Unwersily 


In a recent paper, Robert Barro (1974) presented a model in which 
government debt and social secuniv arc not perceived by households to 
add to net wealtli From this it follows that neither government debt nor 
social security affects private capital accumulation These important 
results contradict the modern theory of government debt* and recent 
contributions to the analysts of social security,^ 

Barro’s empliasison bequests is an important cMcnsion of the traditional 
hfe-cycle model Nevertheless, the existence of such voluntary inter- 
generational transfers does not have the striking implicaiion that Barro 
asserts J will show m this note that Barro’s conclusions follow instead 
from restrictive and empirically unwarranted assumptions In a morr 
appropriate model that includes bequests, the introduction or increase 

^ security wdl reduce private savings and 

the equilibrium raiio of capital to labor 

The framework of Barro's analysis is a static mtencmporal model with 
overlapping generations of the type firs, presented by sSiuclson (1958) 

Support by the National bcirncr Foundation is emiefullv —i- -. . ■ _, 

« depressed Unlike Barro, these authors disrcaard ih^ ro? «pit»l accumubuon 

I'dil^ed^heth™*""'.^ Miller .JuSTiwJ" 

discussed the theory and evidence on the rrlalion hruu rr. . ^ i ' . 

.avmg. ,n Felds,ein (1974a. 1976) with . model Uial ign^ ^ 

docs no, alter retirement behavior, U will reduce Priv. 

■« induced, the effect of «x:,al .ecunly on utvwn ,a , reuremew 

evidence strongly .ugg«u that «sci.I sLiunty do^reducri^C**'^' ^ 

© l"?!'h{ vol M. no 2) 

© I97S by The Oniwnity of Ch.c«o All nahu rciervBl 
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A novel feature of Barro’s model ts that each individual's utility depends 
not only on his own consumption but also on the utility of his immediate 
heir The utility of the current generation therefore depends indirectly 
on the utility of all future generations The introduction of government 
debt creates wealth for the current generation but a liability for a future 
generation or generations The current generation will resist this redistri¬ 
bution from their hiers to themselves by increasing their bequests by just 
enough so that their heirs are no worse off The extra saving for this 
additional bequest just offsets the reduced savings that would otherwise 
be associated with the government debt Barro summanzes this ingenious 
argument bv writing, “However, if, prior to the government bond issue, a 
member of the old generation had already selected a fxisitivc bequest, it 
IS dear that this individual already had the oplion of shifting resources 
from his descendant to himself, but he had determined that such shifting, 
at the margin, was nonoptimal Since the change m [government debt] 
does not alter the relevant opportunity set in this sense, it follows that— 
through the appropriate adjustment of the bequest—the values of current 
and future consumption and attained utility wall be unaffected” (p 1103) 
There is an analogous effect of social security in this model Social 
security is a forced transfer from the next generation to the current 
generation If the current generation is in equilibrium with positive 
bequests when social security is intrcxiuced, individuals will increase their 
bequests by just enough to pay their descendants for the social security 
taxes they are forced to pay In Barro’s words, “As in the case of changes 
in government debt, if the solutions for bequest are interior, the impact 
of a marginal change in (social security] would be solely on the size of 
bequests and not at all on the pattern of consumption” (p 1107) 

These conclusions reflect the crucial assumption in Barro’s analysis that 
the economy has a constant population and no economic growth Con¬ 
sider instead an economy in which total national income grows at rate g, 
the sum of the growth rate of population and the rate of technical prog¬ 
ress It IS useful to analyze first the special case in which the rate of interest 
on government debt (r) is not greater than the rate of economic growth ^ 
In this circumstance, the government can create debt and yet never have 
to levy a future tax to repay the debt or to pay interest on the debt 
Instead, the government merely issues new debt with which to pay the 
interest The debt therefore grows at the rate of interest r Since r ^ g, 


’ Samudion (1958) conudered the impact of locial K-cunty in the extreme case in 
which r s 0 but g > 0 Caw and Yaari (1967) ducuw locial •rcunty ui the current caK 
of g > r > 0 Neither of these studies allowed for bequests Barro suggests that r < gu 
inconsistent with a model of rational intergenerational bequests This does not predude 
T = g Moreover, r < g can be maintain^ if each generation forgoes the opportunity 
to reduce the capital stock in order to allow the next generation to have the opportunity 
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the ratio of debt to national income will not increase. The Brst generation 
—that IS, the generation that receives the debt as a transfer from the 
government— knows that no future deration will be calli^ upon to pay 
the debt There is no need, therefore, to increase the previously planned 
bequests The first generation will therefore increase its own consumption 
and thus reduce capital accumulation 

The result is the same for social security In steady-state growth, the 
benefits that an individual receives in a pay-as-you-go social security 
system exceed his tax contributions More specifically, the individual’s 
tax contributions earn an implicit “rate of return” that is equal to the rate 
of growth of the tax base, that is, the rate of growth of national income 
Since S r, each individual receives a “rate of return” on his social 
security tax payments that is not lower than he would have received by 
investing that same amount Thus, although the heirs of the first genera¬ 
tion are compelled to pay taxes to support the first generation members 
in thtir old age, these taxes do not represent a net loss to the second 
generation since they will lead to subsequent benefits with a present value 
that IS at least as great There is no need, therefore, for the first generation 
to increase previously planned bequests Indeed, if subsequent generations 
arc all better off, the first generation ran reduce its planned bequest In 
addition, the present value of lifetime consumption will increase by the 
j present value of the social security benefits, and capital accumulation 
t will be reduced accordingly 

The assumption that 5 S r is analytically convcmcni but empirically 
false * Consider, therefore, the case of r > g Although r is the rate of 
interest that the govtrnnient pays on its debt, t may ovcrstaie ihc nei cost 
of the debt Jf llic government taxes interest payments at rale 0, the net 
interest cost per dollar of debt is r|y = (1 - 0)r For realisiir values of 0 
and r, the economy may be charatterwed by r > ^ ^ The projjcrty 
that g > Tf! makes this case very similar in its behavioral implications to 
the previous situation ol g S r Again, the interest on government debt 
can be financed by issuing new debt with the UHal debt growing at the 
rate <; g Similarly, social security provides a higher implicit rale of 
return {g) than the rate r,y that descendants could otherwise cam,* so 
that they arc better off even without an additional liequesl than they 
would have been in the absence of sexual security 


^TTus slritemmi is correct if r is interpreted as the marginal product oTcapittt Tfcr 
actual long-term rale of interest on the government debt in Iras inflationarY«»"« »»• l«w 
than 0 0+ and therefore leas than the rate of growth of real national income Hic govern¬ 
ment interest rate is still less than the relevant rate of growth of money national income 
’ In a perfect capital market, all assets have a yield that is equivalent, aflcr adjustment 
for risk, to r In practice, the vast m^onty orhouscholds invest almost exclusively in savings 
accounts which yield less than r 
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Even if r^y > g, the creation of public debt or social security “wealth” 
will still depress savings in a growing economy. If r^y > g, some future 
taxes would have to be levied to limit the growth of the government debt. 
Similarly, the social security program would actually lower the welfare 
of future generations Nevertheless, both the required tax and the ineffici¬ 
ency of social security would be small if r,y — g is small The first genera¬ 
tion will therefore increase its bequests by less than the value of the debt 
or social security transfers that it receives For example, if accumulated 
interest makes the debt grow at the rate of growth of the economy, taxes 
will be required to finance only the fraction 1 — g/r^y of future interest 
payments The first generation will therefore increase its bequest only by 
the fraction 1 — glfy of the debt that it is given 

Barro touched briefly on the possibility of a growing economy m a 
footnote on page 1105 He noted first that his own line of proof depends 
on the assumption that the government debt will eventually be repaid 
and that the social security scheme will eventually be liquidated He 
argues correctly that this assumption is not crucial in a static economy. 
He then tries to extend this to a growing economy His argument about 
tlie government debt® rests on the fact that the debt cannot grow faster 
than national income He then incorrectly asserts that this limit precludes 
financing all interest payments by issuing new debt whenever r > g 
From this he concludes that the ability to issue new debt in a growing 
economy is irrelevant to his conclusion As I noted alxive, net interest 
costs can be financed by creating new debt whenever fff < g even if 
f > g Moreover, even if > g, the fraction gjrfi of each year’s interest 
paytnents can be financed by additional debt creation 'I he fraction gfr^ 
of the debt need never be financed by taxation and thus represents net- 
wealth creation to the infinite sequence of households Only in the special 
case of a static economy = 0) is the present value of required future 
taxes equal to the present value of the debt itself 

The careful reader may well question whether it is appropriate to 
regard the net cost to the government of interest payments to be 
(1 — 9)rD, where D is the size of the government debt If an increase in 
the government debt reduces private capital accumulation, the govern¬ 
ment will forgo the taxes on the income prtxiuced by that capital If the 
reduction in private capital is equal to the addition to public debt, and if 
pnvate capital earns a marginal rate of return r, the lost tax income 
IS OrD so that the total annual cost to the government of debt D is 
(1 — 0)rD + OtD = tD ^ In this case, the effective net rate of interest 

* No specific argument u given about social security. Barro suggests (p. 1107) that 
the previous argument about repaying the debt u relevant to social secunty. 

^ In practice, the issue is far more compien because of the existence of the coiporation 
tax, equity finance, and the deducubthty of mierest payments by corporaiiont. The above 
analysts is ap pr op n ate only if marginal corporate mvestments are financed by debt 
creauoo 
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IS r, not (1 - 0)'' * The conclusion that the effective rate of interest is r 
does not, however, eliminate the impact of social security or public debt. 
The government can still finance the fraction gjr of its interest payments 
by additional debt creation, making this same fraction of the original 
debt an increment to wealth 

A similar argument applies to social security Although individuals may 
find that social security provides a greater implicit rate of return (g] than 
the net rate of interest that they can earn [(1 - 0)r], the government 
must raise additional taxes to replace the tax revenue that is lost when 
social security depresses private savings Future generations are therefore 
worse off because of social security if r > g But the present value of this 
reduction in future welfare is not as great as it would be in a static econ¬ 
omy or if the program would eventually be liquidated The original 
creation of social security should not, therefore, induce the first generation 
to increase Us bequests by the amount of the benefits that it receives 

There is a further complication if the government debt or household 
“social security wealth” is large in relation to the capital stock The in¬ 
duced reduction in capital accumulation will then lower the wages in 
future generations The first generation should anticipate this by increas¬ 
ing ns bequests to compensate for the future fall in earned income 

The complexity of these anticipations casts doubt on the empirical 
relevance of this tntire exercise In determining their liequests, house¬ 
holds are required to understand the effect of these bequests and of the 
finant mg requirements of the public debt and the social security program 
on all future generations They must rccogniac that any reduction in saving 
will reduce tax revenues and therefore require other tax increases They 
must understand the general equilibrium effect of reduced saving on 
future wages The subtlety of the required anticipiations makes it unlikely 
th.u households actually do respond as Barro’s iruxicl suggests Since the 
econotnus prolession has previously ignored the need lo adjust bequests 
to compensate for future tax liabilities, it may be safe to assume that 
households have also not made the adjustment implied by the new theory 

It is also tlear that for most families the voluntary and intentional 
“intergcneration transfers” are not bequests at death but the support of 
the consumption that their heirs enjoy as children. Some of this consum{>- 
tiori may be the pin chase of education or other invcslrneni in human 
capital The nature of these transfers makes it even less likely that house¬ 
holds will respond as the theory suggests Moreover, own if households 
do respond to an increase in government debt or social security by in- 

" There may be no loss mux revenue if the economy u open lo ibrri^ invcMment, and 
international capital flows equate the rale of return m all countnoi In this cue, any 
reduction in domrsiic saving will be offset by a capital inflow from abroad Whether thu 
replaces the lost lax revenue on dometue interest income depends on the ux ruk» tod (be 
mix of debt and equity finance. 
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creasing such intergeneration transfers, this merely changes the nature of 
the induced consumption and does not constitute a transfer of real capital. 

In short, the introduction of social security or public debt in a growing 
economy can be expected to reduce the accumulation of real capital. 
Moreover, since the accumulation of a trust fund by the social security 
program is equivalent to a reduction in public debt, such a fund would 
increase capital accumulation * 
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Barro on the Ricardian Equivalence 
Theorem 

James M. Buchanan 

Vtrgmia Polj/ttchmc InsMuU and State Ununrnty 


Is public debt issue equivalent to taxation^ This is an age-old question in 
public finance theory David Ricardo presented the case for the affirma¬ 
tive ' Professor Robert J Barro reexamines the question in his recent 
paper (1974) without, however, making reference to Ricardo or other 
early contributors Although his discussion is carefully quahfied to allow 
for exceptions under specified conditions, the thrust of Barro’s argument 
supports the Ricardian theorem to the effect that taxation and public 
debt issue exert basically equivalent effects. 

Barro’s central emphasis is on demonstrating that, under reasonable 
conditions which involve overlapping generations of persons with finite 
lives, taxpayers will capitalize the future obligations that public debt 
issue embodies To the extent that this capitalization occurs, government 
bonds do not add to the perceived net wealth in the economy. From this 
Barro infers that the substitution of debt for tax finance will exert no 
expansionary effect on total spending There are two questions here Arc 
the future tax liabilities fully capitalized’ And, even if they are, does this 
necessarily imply that the fiscal policy shift exerts no effect on total 
spending’ To establish the second result, it is necessary to examme the 
differential impacts of taxation and debt issue, quite apart from the 
question of the capitalization of future taxes Barro wholly neglects thw 
necessary part of any comparative analysis of the two fiscal instrumcnU, 
and, because of this neglect, his conclusion is not nearly so relevant for 
policy as It seems to be This neglect may stem from Barro’s failure to 
specify properly the inclusive set of transactions that debt issue represents 


I am indebted to my collcaguci Gordon Tullock, Nicolaus Tidcman, and Richard 
Hagnrr for helpful comments 

''Ihe basic Ricardian discussion is contained in RicardoflSsI.vol l.pp 244-49) and 
“tundmg System" (vol 4, pp 149-200) Anlomo Ue Viu De Marco elaborated the 
Ricardian thesis in a somewhat modified setting His analysis was fim developed in De 
Viii lie Marco (1893) Essentially the same analysu appean in De Viti De Marco (1936, 
bk 5, chap 1, pp 377-98) For my own summary discunons, see Buchanan (1956 
pp 43-44, 114-22). 
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After constructing his overlapping-generations model with no govern¬ 
ment sector, Barro then superimposes an issue of public debt without oif- 
setung or compensating changes. He states, “Suppose now that the gov¬ 
ernment issues an amount of debt, B, which can be thought of as taking 
the form of one-p»eriod, real-valued bonds It can be assumed, for 
simpliaty, that the government bond issue takes the form of a helicopter 
drop to currently old (generation 1) households” (p 1101) We arc 
immediately prompted to inquire why any government would undertake 
such an activity If the purpose is to increase total sfiendmg in the 
economy, this might be done much more readily by the straightforward 
issue of money, which does not involve future payment obligations Or, 
if the purfxise is to finance public spending without current taxation or 
money creation, bonds must be sold in the private capital market, and 
persons who purchase these bonds must draw down private investments 
or reduce private consumption Under this condition, it is impossible that 
“the increase in B implies a one-to-one increase in the asset supply ” 
(p 1103) 

Theie are two alternative interpretations of Barro’s seemingly bizarre 
model of bond issue The first and more constructive interpretation sug¬ 
gests that Barro introduces the model only because of his concentrated 
interest on the wealth effect of debt issue within the stnctly Ricardian or 
differential-incidence framework The second interpretation suggests that 
Barro’s analysis applies only when governments do, in fact, incur future 
payment obligations without securing command over funds in the initial 
period, a setting which docs not apply to public debt as ordinarily con¬ 
ceived but which may apply to the operation of the social security system 
in the United States 

These quite separate interpretations may be discussed briefly m turn 
Barro directly follows the first statement cited above with the following 
“Equivalently, it could be assumed that the bonds were sold on a com¬ 
petitive capital market, with the proceeds of this sale used to effect a 
lump-sum transfer to generation 1 households” (p 1101) Superficially, 
the two ofjcrations are not at all equivalent If, however, the bonds dropi- 
fjed from the helicopter are marketable, those who get them may, as 
desired, convert them into currency The net effects arc the same as the 
government’s sale of bonds to voluntary purchasers along with the lumpi- 
sum transfer of the proceeds to the same persons who would have received 
the bonds in the first model In either case, the government bonds will 
replace private bonds or other assets, and the net-wealth effects of this 
substitution must be considered along with the wealth effects embodied 
in the capitalization of future tax liabilities Why might Barro have felt 
that he could neglect the first of these considerations^ He could have done 
so if his interest is exclusively on determimng the differential effects of 
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debt and tax financing, and he is willing to make the severely restnctive 
assumption that the source for the ultimate purchase of the government 
bonds IS identical to the- source from which the ahemaiive taxes would 
be drawn 

This may be clarified bv the following simple (-account comparison 
Under the tax alternative, the (-atcount adjustmenls appicar as in figure 
la Under eiihcr of the dcbt-issuc alternatives, the final (-account adjust¬ 
ments are as shown in hgure I b If wc are interested only in comparing the 
differential effects of tax and debt finance for a given level of spending, 
and if wc arc willing to make the heroic assumption that the direct 
impact of these two fiscal instruments is identical, then the pari of figure 
lb below the dotted line represents the net difference between the two 
combined fiscal ofH’rations 

In this interpretation, Barro is simply not concerned cither with the 
independent effects of debt-financed spending on net wealth or with the 
effects of public debt issue in a modified differential-incidenrc framework 
Does the financing of public spending by genuine public debt increase 
aggregate demand in the economy^ This is a meaningful and relevant 
question that has been more widely discussed than the one which Barro 
analyzes In terms of figure 1 , this question requires us to look at the 
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adjustments in figure only, without regard to any comparison with la. 
Provided that we do not go beyond the simple /-accounts, the net-wealth 
effect of debt financing of public outlay seems to depiend on the degree 
to which future taxes are discounted But this neglects the possible effects 
of the sale of bonds on displaced private borrowers To the extent that 
these borrowers, those who would have secured the funds had not the 
government done so, would have applied the same discount factor to the 
future payment obligations as that applied by the public borrowers (the 
taxpayers), net wealth will not be modified regardless of the degree of 
capitalization offiiture taxes It seems reasonable to suggest that perceived 
net wealth, as relevant for spending behavior, increases with increases in 
either private or public debt But there are offsetting changes, and the 
direction ol net effect depiends on the differences ^ 

Perhaps the most familiar setting is one that compares the effects of 
debt financing with explicit money creation for a given increment in 
public outlay This, too, is a differential-incidence model but one that is 
quite sepiarate from the Ricardo-Barro model The analysis here requires 
all of the considerations noted above with respect to independent debt 
issue but has the advantage of emphasizing the specific deflationary impact 
of debt sales quite apart from the question of future tax capitalization ^ 
This latter aspect assumes primary importance, of course, when the 
principal objective for fiscal policy is to generate an expansion in aggregate 
spending 

Barro’s analysis may be interpreted m a second and more restrictive 
way that takes his explicit model for debt issue at face value and makes 
no attempt to generalize it toward meeting the expressed purpose of the 
paper In this view, Barro analyzes the issue of debt by a government 
which does not secure funds in the initial period and which does not allow 
its debt obligations to be resold in markets Something analytically 
analogous to tins sort of operation may take place when legislation is 
enacted which commits the government to pay old-age pensions without 
at the same time lully financing such obligations with current levies of 
taxes Barro docs, in fact, refer to the applicability of his analysis to social 
secunty financing, and he may have been led to generalize ttx> readily 
from this somewhat singular example In this setting, the aggregate 
economic effects depend strictly on the relative discounting of future 
benefits on the one hand and future taxes on the other 


^ In a atnet accounting sense, future obligations that arc implicit in any debt issue, 
public or pnvate, may be fully capitalized, while at the same tunc behavior may reflect 
the rational intent of borrowers to accelerate spending In this context, a lending-borrow- 
uig transaction must aflcct aggregate spending quite apart from the absence at change 
in measured net wealth bee R N McKean (1951, particularly p 75) 

* See Muigrave (1959, p 538) For particular emphasis on the deflationary impact of 
debt issue see Rolph (1957) 
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To this point my critiasm of Barro’s paper has been coniincd to the 
ambiguities m his setting for public debt issue along with the possible 
incompleteness of his analysis I have not challenged his basic conclusion 
that future taxes will tend to be fully discounted save under the exceptions 
that he notes Nonetheless, this conclusion may be questioned on empirical 
grounds What evidence might be adduced to suggest that individuals do 
not, in fact, modify their behavior fully to adjust for the present values of 
the future tax obligations that public debt issue implies^ 

Consider, first, the social security system which, as indicated, fits more 
closely with the narrow interpretation of Barro’s results One implicauon 
of his analysis would be that the social security system as it has operated 
should not have modified the rate of private saving in the economy This 
runs counter to the result that has been observed by Martin Feldstein, 
who estimates that the rate of private saving has been reduced by some 
38 percent * Additional evidence may be indirectly available from the 
historical record if the basic public choice paradigm is accepted If 
politicians are ultimately responsive to the desires of their constituents, 
we may infer something about constituents’ evaluations by observing 
the behavior of politicians The 40-ycar history of social security financing 
yields ample evidence that politicians are extremely reluctant to adopt 
anything which smacks of full funding for the system Under the Barro 
hypothesis, there should be roughly indifferent public reactions to a fully 
funded and to an unfunded pension system 

If we shift to the more general model, governments should be roughly 
indifferent as between financing current outlays from taxation and from 
genuine debt issue There should be no effect of debt-financed defiats 
on aggregate spending Direct testing of this hyjxuhesis is difficult because 
of the fact that budget deficits arc normally financed by some combination 
o( genuine debt issue and money creation ’ Again, however, the behavior 
of legislators seems to offer indirect evidence against the capitalization 
hypothesis Clan anyone in the post-Keynesian world of 197*) seriously 
question the proclivity ol politicians to expand public debt in preference 
to tax increases’ At the state-local level, where the money-creation 
powers do not exist, why should we observe constitutional constraints on 
public debts'’* With public as with private finance, the very creation of 
debt suggests that borrowers desire to accelerate spending 

■* Sre trldstcin (1974) It should br noted that, even with full hfctime dtscounung of 
future taxes, a Ufc-cyric model of utility maximization would produce a negative effect 
on private saving under a pay-as-we-go public pension system But, of course, the life¬ 
cycle model iiself implies that debt financing necessarily differs from tax financing lo 
the extent that debt is not retired within a generation 

Kochm (1974) attempted to estimate emptncally the impact of deficit spending on 
private consumption His concluuona tend to support the capitaltsation view. 

Admittedly, the out-iiugration prospect for cititens in local Jurudactiow oifen an 
offsetting influence to full discounting 
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Reply to Feldstein and Buchanan 

Robert J Barro 
Umveraty of RuchesUr 


Martin Feldstein and James Buchanan have raised a number of critical 
points concerning my government-debt paper For the reasons detailed 
below, I believe that my central thesis has not been impaired by these 
criticisms 

I. Feldstein 

Feldstcin’s comment deals with my conclusion that government debt 
(and social security) will not add to net wealth in a model with ojserative 
mtcrgcnerational transfers (cither from old to young or from young to 
old) He accepts this conclusion in the case of a static economy, but argues 
that It IS incorrect when the economy is growing It is important to dis¬ 
tinguish two cases—the first in which the growth rale, g (the sum of 
population growth and growth in real income per head), is below the 
Steady-state (real) rate of return, r, and the second where g ^ f * The 
first case is straightforward and turns out to require no modifications to 
my previous results Feldstem’s contrary conclusion is the result of an 
error in calculating present values of future tax liabilities The second case 
is both more interesting and more difficult, and I present some analysis 
of it below 

Suppose that the economy is in a steady state with output growing at 
rate g The (real) rate of return is constant and equal to r Consider, first, 
the case in which r > g In this situation Feldstein (pp 333-334) con¬ 
siders the impact of government debt that grows at rate g, so that the 
ratio of debt to income remains constant over time * Hcargues, “ some 

’ Fcldslfiti al«i dcab wuh a third case where the groas-of-lax rate of return ii above g, 
but the nct-ol-tax rale i> below g. binct the main purpoie of Ihu caie u lo make more 
plausible ihc situation where g is at least as large as the net rate of mum, it u not necemry 
lor me to dtal with it separately 

^ TTu Iiinitation of the Meady-siaCe growth rate of the public debt lo g can be ration- 
alized by assuming that the value of the outstanding slock of debt at any point in tune u 
bounded by the government's collateral, which 1 assume can be measurctf by the prcKOt 
value of future taxing capacity If taxes are limited to a fracUon, r, of naUon^ income,/, 
then the present value, calculated at the cusTcnl dale (, of future taxing capacity it 
ViOli' - ?) *= M0)t’'l{r - g) Hence, the government’s coUateral grows at rate f and 
IS finite for any I if r > g If government debt grew at a rate faster tluui g, then the out¬ 
standing stock would eventually exceed the government's coUateral. 

M, no. 21 
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future taxes would have to be levied to limit the growth of the govern¬ 
ment debt For example, if the debt grow[s] at the rate of growth 
of the economy, taxes will be required to finance only the fraction 
[1 — g/r] of future interest payments” (p 332) The last statement is correct 
but docs not imply his conclusion that “only in the special case of a static 
economy (g = 0) is the present value of required future taxes equal to 
the present value of the debt itself” (p 333) The fallacy is that the 
fraction, (1 — g/r), applies to a base that is larger (increasingly over time) 
than It would have been if the debt had remained constant rather than 
growing at rate g 

Consider an initial debt issue of amount B{0) and a path of subsequent 
issues that make the outstanding stock of debt grow at rate g Hence, 
B{l) = B(0)e'’', and the amount of debt finance at any date I > 0 is 
dB/dt = gB(l) Taxes Icvned at date I arc the amount needed to finance 
interest payments net of debt finance, rB(/) — gB{t) The present value 
of these future taxes, discounted at rate r, is 

I’" (r - g)B{t)e~'‘ dt = (r - g)B(0) J” dt = B{0) 

Hence, as would be expected, the present value of the future taxes coin¬ 
cides with the amount of the initial debt issue for any growth rate g [as 
long as g < r) Therefore, the presence of growth in the economy (at a 
rate below r) leaves unchanged the conclusion that government bonds 
arc not net wealth 

Consider, now, the second case where r 2 g (The situation with r < g 
in a steady state implies inefficient capital overaccumulation, as discussed 
in Phelps [1966] ) In this case it is possible to finance all of the future 
interest payments without incurring any future taxes by having the debt 
grow forever^ at rate r ^ In this situation, where r ^ g in a steady state. 
It appears that debt issue would be regarded as net wealth and would 
therefore raise aggregate demand Further, it seems that a sufficient 
amount of debt issue would cause enough of a shift from saving to con¬ 
sumption so that the steady-state rate of return would be raised to (just) 
exceed the growth rate 

^ In one respect this possibility hinges on an infinite horizon—any finite truncation 
(corresponding, say, to a fixed date for the end of the world or to an exogenous liquidation 
date for the debt) would restore equality between the present value of taxes and the 
amount of initial debt On the other hand, an individual’s effective horizon for capitalizing 
taxes would also not be infinite if intergenerauonal transfers were not (expected to be) 
operaUve for some generations far in the future In this Knse it is the relative values of the 
honzont for the world and the individual that arc important, rather than whether either 
is infinite A further consideration, pointed out by Statrett (1970), is that the end of the 
world, ifit IS anucipated, IS presumably stochastic Statrett argues (p 709) that a stochastic 
end of the world is equivalent to an infinite horizon with an appn^nate specification of 
the discount rate apjriied to future utihnet 

* The debt could also grow at rates above r to finance a continuing flow of transfer 
payments The govemtnent’s collateral, as calculated in n. 2 above, is now infinite. 
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The important issue is whether the economy would ever be in a steady 
state where r g. The reason that government debt issue can move the 
economy out of this situation is that the government’s collateral, which 
grows at rate g over an infinite horizon (see n 2), allows the debt to expand 
forever at rates at least equal to r Are there any private individuals or 
institutions that would have a similar capacity and incentive in the 
absence of government intervention In the overlapping-generations 
models of Diamond (1%5) and Cass and Yaari (1%7), there are no 
economic units with a sufficiently long time perspective to engage in this 
type of activity, so that a competitive equilibrium with r ^ g in a steady 
state IS possible On the other hand, in a model of a utility-maximizing 
immortal family, as in Sidrauski (1967), the solution with r ^ g in a 
steady state would be untenable In this situation the family would be 
motivated to play the same game as the government by issuing debts in 
exchange for current consumption, financing these debts by allowing 
them to grow at a rate at least equal to r but not higher than g—a rate 
that would not exceed ihc growth rate of the family’s collateral—and 
thereby never reducing future consumption ’ Hence, a competitive 
equilibrium would have to be in the (efficient) region where r > g in a 
steady state In a situation with finitc-livcd individuals, it seems that 
operative intergencrational transfers would play an equivalent role. In 
particular, when r ^ g in a steady state, transfer payments from young 
to old (which I referred to as arising from a “gift motive’’ in my earlier 
paper) that grow at a rate at least equal to r but not higher than g would 
be feasible—in the sense that the ratio of transfers to income would not 
grow over time—and would raise ai least the present consumption level 
without reducing any future levels of consumption * It seems that the 
operation of these types of transfers would insure that a competitive 
equilibrium is m the (cffitient) region where r > g in a steady state My 
main hesitancy about this conclusion is that I have liecn unable to demon¬ 
strate that the transfer scheme, which can feasibly raise the consumption 
level of all family members (living in finite time) if r ^ g, would be con¬ 
sistent with utility maximization as viewed by each family member 
separately (Hopefully, Brock and Scheinkman, well-known experts on 
the economics of infinity, will provide a final resolution of this question.) 
Accordingly, at this point 1 cannot rigorously rule out the existence of the 
case, r ^ g, in which debt issue would raise net wealth Nevertheless, I 

’ Thompson (1%7, p 1205) clainu that a corporate finn, which has an infinite legal 
life, would be motivated to carry out iimilar poticics However, 1 cannot lee why «hi» 
policy IS generally feasible, since the firm's ctdlaieral would not aulomaucally grow at 
rate g! presumably, its net earnings are not a fixed fraction of nauoiud income. 

Reductions of bequests from old to young would have an equivalent effect, but it 
seems that bequests would not be operative in a steady slate where r S g> at least If 
bequests are motivated solely by concern for the .utility of descendants (and awiming 
preference for a unit of own consumption over that of a descendant, starting at equal 
values of consumption per head) 
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would be surpnsed if many advocates of standard fiscal policy would be 
happy to rest the argument for the efficacy of such policy on the possible 
existence of this case 

Finally, Feldstein observes near the end of his comment that the effect 
of government bond issue on future generations is complicated and is 
therefore likely to be neglected by current generations. It is plausible that 
computational difficulties would add to individual uncertainty, and the 
model could be usefully supplemented to make that uncertainty explicit 
However, it is much less clear that this complication would imply sys¬ 
tematic errors in a direction such that public debt issue raises aggregate 
demand One could argue at the same level of ngor that government 
deficits make people sufficiently nervous to reduce their consumption 
demand when taxes are replaced by public debt issue As a general pioint 
It is difficult to identify a substitute for rational behavior as a basis for 
forming predictions in theoretical models 


II. Buchanan 

Buchanan begins hts comment by piointing out my failure to acknowledge 
an intellectual debt to David Ricardo I readily accept this criticism, 
although It has no substantive bearing on my results 

I should indicate, first, that my analysis was directed toward fiscal 
operations that involve shifts between tax and debt finance for a given 
volume of public expenditures Shifts in the expenditure level have real 
effects that depend on the degree of substitutability between public and 
pnvatc expenditures in individual utility functions (Bailey 1971, chap 9) 
and on the direct productivity of public expenditures (Grossman and 
Lucas 1974J, and it did not seem necessary to become involved in these 
issues 

Concerning a public debt issue that corresponds to either a transfer 
payment or a lump-sum tax cut, Buchanan states. “ persons who pur¬ 
chase these bonds must draw down private investments or reduce private 
consumption ” This assertion is incorrect since, as a matter of a budget 
constraint, the (representative) individual can use the full amount of his 
transfer payment (tax reduction) to just purchase the bonds, the issue 
is whether, in fact, individuals will be motivated to save the full amount 
of their increased disposable resources Buchanan then says, “ . it is 

imjxissible that ‘the increase in B [bonds] implies a one-to-one increase in 
the asset supply ’’’and later “ the government bonds will replace 
private bonds or other tisscts ” In fact, pnvatc debt issues arc not replaced 
because of any direct budget-constraint requirements, but rather will be 
crowded out if the public debt issue leads to an excess supply of earning 
assets (at imiial interest rates) and therefore to an increase in interest 
rates An excess supply results if individuals do not respond to the debt 
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issue by saving (in the form of government bonds) the full amount of the 
transfer payment (tax cut). The one-to-one increase in saving (demand 
for bonds) arises if the future tax liabilities implied by the government 
debt arc fully capitalized, so that perceived wealth is unchanged and 
individuals therefore maintain the same level of consumption demand 
Hence, Buchanan’s statement that “ . this neglects the possible effects 
of the sale of bonds on displaced private borrowers” does not make sense 
If government bonds are not perceived as net wealth, then the demand for 
bonds rises one-to-one with the supply, there is no change in interest rates, 
and no displaced private borrowers 

The basic analysis can be extended to view government bonds and 
future tax liabilities as two elements in a larger household balanee sheet 
with imperfect substitutability among the variety of assets and liabilities 
(because of differences in characteristics of risk and “liquidity,” etc) 
In this context the demand for bonds would rise one-to-one with the 
supply (in the case of a “helicopter drop” of bonds) only if the lionds and 
the associated capitalized tax liabilities were perfect substitutes ’ More 
generally, one could consider the different risk and liquidity charac¬ 
teristics of bonds and the tax liabilities, and also bring in “imperfect” 
private capital markets (as I did in a preliminary way in Sections II-IV' 
ol my paper) The implications of these considerations for the net effect 
of public debt issue on aggregate demand hinge on such issues as whether 
the government or the private economy is more efficient at the margin in 
producing liquidity services or carrying out loans, and on how closely 
(uncertain) individual tax liabilities arc torrclatcd with individual in¬ 
comes Thert is no presumption from this extended theoretical analysis 
that bond-financed tax reductions (transfer payments) would increase 
aggregate demand 

Buchanan briefly discusses empirical evidence on whether future tax 
obligations are capitalized He cites Feidstem’s (1974) study of social 
security as evidence to the contrary Fcldstcin’s mam conclusion (p 920) 
IS that the “ effect of social security is to reduce personal saving by 
half of what it otherwise would be ” In fact, Fcldsicm’s results (p 917) 
show a signifieant effect of a “social security wealth variable” (which 
seems to measure primarily changes in the fraction of workers covered by 
social security and secondarily shifts in age structure) on consumption 
only when the years 1929-40 are added to the 1947-71 sample, suggesting 
that the variable may be operating principally as a dummy for the pre- 
1937 years for which it takes on a zero value Further, the effect of the 
social security variable over the entire sample (1929-40, 1947-71) is 


’ In ihe senie that individual! were concerned only with the difference betwetan the 
amount of government bonds and the amount of capitalircd tax liabtlttie* in their port¬ 
folios ' ' 
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^ U on unt'mvhyment vATiable is included. Accordingly, 

insignificant when ^ security has drastically reduced savitig and 

Fcldste:n’s finding ,, ;,i^Wy tentative. 

v,e» .to. r.mrt me ae »pr^.el 

,„ ™p.nc.r;.ud,e .r „„,umpri»n »d „v,p, totov. 0 , by T„„r 

n970); Kochin (J9741, and David and Scadding (1974) 

Finally, But hanan (p 340) adds the weight of his own casual observa¬ 
tion to the cnipirit al issue “ the behavior of legislators seems to offer 
indirect esidente against the capitalization hypothesis Can anyone in the 
post-Ke>ncsian world of 1975 seriously question the proclivity of poli¬ 
ticians to expand public debt in preference to tax increases.^” This 
hypothesis inav be a bit loose to submit to empirical testing, but it is 
hard to reconcile it, in a general way, with the post-World War II 
behavior of the federal government The quantity of U S government debt 
that IS privately held (excluding holdings of the Federal Reserve, social 
securitv trust fund, etc ) was’ $204 billion at the end of 1947 and $230 
billion at the end of 1970—implying an average annual growth rate of 
0 5 piercent per year On the other hand, U S government tax receipts 
(including other receipts like social security payments) rose from $43 
billion in 1947 to $192 billion in 1970—an average annual growth rate 
of 6 5 percent per year (If federal politicians had a “proclivity to 
expand public debt m preference to tax increases” over this period, it was 
more than matched bv a “declmty” of the public ) Despite the modest 
growth of privately held public debt, the ratio of federal expenditures to 
GNP rose from 13 percent in 1947 to 21 percent in 1970 Hence, the ready 
availability of debt finance is apparently not a necessary accompaniment 
to increases in the share of output absorbed by the federal government 
Since 1970 there has been a faster growth rale of public debt—to $271 
billion at the end of 1974, implying a 4 1 percent average annual growth 
rate from 1970 to 1974 Over this period, taxes rose to $291 billion, imply¬ 
ing a 10 4 percent average annual growth rate of taxes from 1970 to 1974 
Hence, even in the most recent period, taxes grew faster than the stock of 
privately held federal government debt Further, the fraction of GNP 
accounted for by federal spending was almost constant from 1970 to 1974, 
suggesung that an acceleration of public debt is not a sufficient indicator 
of a nsmg share of government spending in total output.' ** 


• For further ductusion of these results, see Upton (1975) 

’ All data are from Council of Economic Advisen, Ectmomu Rtport of the President, 1975 
and earlier issues 

* ® This note is a convement place to correct some typographical errors in my original 
paper The date references to Paunlun’s book on pp lOM, 1116, and 1117 should be 1965 
On p 1099, the in equation (3) should be The A°'m that appear tvro and eight 
iinet below this equation should be Af 
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This paper examines the effect on earnings of variations among individuals 
in postschool human investment Several studies have recently employed 
the human-capital model initially posited by Becker and Chiswick (1966) 
to investigate the carnings-gcncration process ‘ These studies have been 
liampered by the absence of detailed information on the postschool 
investment patterns of individuals As a result, they have been forced 
to assign individuals of the same age and education identical amounts of 
postschool investment ^ Since postschool investment presumably varies 
with other factors as well, the explanatory power of the model is thereby 
limited, and, under certain conditions, biased estimates of the model’s 
parameters will result This paper reformulates the Beckcr-Chiswick 
model to allow for additional variations among individuals in the amounts 
of their postschool investment 

I. Individual Variations in the Postschool Investment Model 

The Becker-Chiswick model may be summarized m its simplest form as 
lny{t} + + Rit)P{l) + fn[l - k(<)] + u(t)„ (1) 

where 

t = years of work experience (assume continuous and 
equal to age — years of schooling — 5); 

Iny[t) — the natural logarithm of net earnings (potential 
— foregone earnings) in year /, 

The authors wish to thank Hichard S Higgins, Allan G King, and Jacob Mincer for 
helpful comments on earlier drafts of this paper The authon are responsible for remaimng 
deficiencies The support of the University of Wisconsin Graduate School and the In¬ 
stitute for Research on Poverty are gratefully acknowledged. 

' See particularly Becker and Chiswick (1966), Johnson (1970), and Mincer (1974). 

^ An exception to this pracuce is Mincer and Polachek (1974) who eiqilicitly 
the impact of labor-force participation 
1976, vol 84, no 2J 
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A = the natural logarithm of the earnings that would be 
obtained without human investments; 

= the average rate of return to schooling, 

S = years of schooling, 

/?(/) = the average rate of return to postschool investment 
(assume constant over 1 ), 

k(/) — C(l)jE(l) = 1 — Y(t)jE(t), the ratio of investment 
costs to fKitential earnings in year t, 

P(t) = jok(t)dt, the number of “equivalent yeais’’ previously 
devoted to postschool investment, 

U(t}^ = a random disturbance term with mean = 0 and con¬ 
stant variance (for cq [1]) 

In (1) the level of piostschool investment in year I is measured by the 
investment fraction k(l) The manner in which k(t) varies over the working 
life must be assumed since it is not observed directly ^ The most widely 
employed sfjccification has been that k(t) declines linearly from some 
initial investment fraction, A(0), to zero at the end of the postschool 
investment span * Thus k(t) = k{0) — {/['t(0)/T]}, where T is the lenph 
of the investment span * For a given value of T, the postschool investment 
pattern [k(/), t = 0, 1, , Tj is completely specified by the choice of 

*(0) 

Empirical estimation of (1) has generally relied on cross-section data 
Because k(0) is not observed for individuals in a cross section, (1) is 
typically wntten as 

= A + + R(t)k{0)t - R{lik(p) + /n|^l - k{0) + 

+ “(Ot. (2) 

where k(0) is an estimated parameter In (2), postschool investment varies 
only with experience, and, since experience is assumed to equal age 
minus years of schooling minus five, individuals of similar age and educa¬ 
tion are assigned identical quantities of postschool investment Although 
this specification has been employed primarily for empirical convenience, 
It detracts, at least on a theoretical level, from the model’s explanatory 
power Relative variations in earnings attributable to variations in post- 
school investment patterns within age-education groups are not accounted 
for 

* Hairy (1973) derive* a theoretical specification for k{l) amiming individuals attempt 
to maxiinjze lifetime disposable income 

* See, for example, Johnson (1970), Malkiet and Malkicl (1973), Mincer (1974), and 
Mincer and Polachek (1974) 

* In this paper we assume T ZO It can be established from (I) that, ignonnc the 
disturbance term, T equals the experience level at which earmngs peak The aaumption 
that T => 20 for annual eammgs has also been employed by Mincer. 
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Even with longitudinal data it is still not possible to observe *(0) 
directly for individuals. However, in this case an approximation can be 
made Since /t(0) =* 1 - Y(0)IE(0), and ^(0) is observed, k(0) can be 
approximated if an estimate of £(0) is available. If annual dollar invest¬ 
ment costs are constant over the relevant range of the working life, E (0) = 
Y{i), where t = l/^RCO-* By using Johnson’s (1970, p 558) estimates 
of kit) between sociocconormc groups, £(0) and hence A:(0) can be 
estimated for each individual To the extent that annual dollar invest¬ 
ment costs decline, the estimate of A:(0) will be biased downward 
Let k{0)‘ be such an approximation of the initial investment frtu:Uon 
for the ith individual (i = 1, , «) Equation (2) can then be written 

for individual i as 

In Y{t)‘ ^A + R^‘ + ««)[i(0)'l 

+ U(t}i ( 3 ) 


Equation (3) is estimable only with nonlinear regression techniques An 
estimable variant can, however, be obtained by transferring the loganthmic 
term to the left-hand side Since Y(t)* = [1 — the dependent 

variable in this transformed equation is the logarithm of jjotcntial camings 
Thus 


/n£(()' ^ A + R^' + «(<)[A:(0; 




+ U{t), 


( 4 ) 


Let k{0)‘ = ^(0) + k(0)'*, where k(0) is the mean of k(0)‘ and A(0)'* 
is the deviation from that mean Equation (4) can then be written more 
generally as 


/«£(0' = A + R^' + R(t)^Jc(0) 
+ f/(/)s 





( 5 ) 


Equations (4) and (5) allow for variations within age-educaiion gpxiups 
in postschool investment In (5) the variations are characterized by 
k(0)'*, which in turn uniquely specifies individual postschool investment 
patterns The parameter R(t}^ can be interpreted, as it is in specifications 
such as (2) which do not allow variations in k(0)‘, as the average gross 


‘ Experience level ? in ihu case is ihc “overtaking” point, that is, the cxpenence level 
where actual camings are equal to the earnings which would have been attained with no 
pusischool investment (see n. 8' 

’ Johnson’s rates are actually estimated for marginal investment decuion*—lor example, 
the decision once high school is completed to graduate from college and undertake 
subsequent poatschool investment But given final educational atcauiment, the ettunaced 
rates are so similar (difTenng at most by two-tenths of a percent) that the choice of rata 
is inconsequential Although this method of approximating t(0) assigns the same value 
of ( to all individuals m a socioeconomic group, the final numate of k(0) u uni(|tte, since 
E(() is observed for ach individual. 
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rate of return to experience alone The parameter by measuring 

the effect of k{0y*, captures the impact of especially intensive (or dis- 
intensive) human investment while holdmg experience constant. The 
advantages of (5) over a formulation which does not account for variations 
within age-education groups in postschool investment can be illustrated 
by viewing ( 6 ) 

In E{ty ^A+R^> + R(t)H(0) ( 6 ) 

Equation ( 6 ), when considered relative to (5), is subject to specification 
error, namely, omission of the relevant explanatory variable k{0)‘* 
[t - (t^l2T)] 

One advantage of (5) over ( 6 ) is that inclusion of the term A(0)** 
[/ — (t^l2T}] guarantees an increase in the model’s explanatory power, 
as measured by the coefficient of determination (ff From an interpretive 
staridpioint, this increase results because (6), since it does not recognize 
variations in postschool investment within race-education groups, under¬ 
estimates the percentage of relative earnings variation attributable to 
human investments Mincer (1974) has argued, using data on the rela¬ 
tive variation m actual earnings in the “overtaking” set,® that if full 
information were available on postschool investments for individuals, 
the resulting R^s would more than double 
There is also reason to believe that the estimation of (6) rather than 

(5) will lead to biased estimates of the parameters A, R„ and R{l)^ 
Kmenta (1971, pp 392-95) provides a method of calculatmg the 
parameter biases which result from a rmsspecification such as ( 6 ) Con¬ 
sider (7), which expresses for ( 6 ) the omitted variable as a linear function 
of the included explanatory variables 

Let bfi, b^, and 62 ^ ordinary least-squares estimates resulting from 
(7) and A, and be the least-squares estimates resulting from 

( 6 ) The parameter biases are then given as 

E[A] = A + R{tfbo 

E[A,] = /?. + ( 8 ) 

= R[l,^ 4 - Rilfbj 

If R{l)° IS positive, the direction and extent of the biases will depend on 
bf), b^y and A 2 

' Since relative eamingi vanation at the “overtaking” point u due to facton other than 
poftichool investment (see n 6), these results can be employed indirectly to calculate the 
rdabve earnings vanation due to postscbool investment. The Mincer sample includes 
only adult, white, urban men in the Umted Stales in 1959. 
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TABLE 1 


PRBDICnONI OF Busts ReSULTINO FftOM net EnWATION Of (7) 


Dependent 

Variable 

Constant 

(io) 

Schooling 

(*i) 

I(0)[I - «V2r)) 
(ij) 


Jf 

(< - Jr) 

1 3343 

- H71** 

{0119)* 

1230** 

(0342) 

0250 

5,100 


Source —John* Hopliitu Life Hutory Study 
■ SfEndard errora Ere m parenthcMi 
* S^iftcEzit Et the 05 level 
** ^gnificant at the 01 level 


II. Empirical Results 

The data employed m this study arc from the Johns Hopkins Retro¬ 
spective Life History Survey ’ The data describe individual occupational, 
educational, familial, residential, and earnings experiences from age 
14 to the time of interview The population is comprised of males aged 
30-39 in 1968 residing in households in the United States A sample of 
324 observations is analyzed here The number of pooled observations 
(each of the 324 individuals at various experience levels) is 5,100 
Table 1 presents a regression estimate of (7) The results indicate 
that the base earnings capacity ((n'^A) will be biased up, the rate of 
return to schooling (/?,) will be biased down, and the rate of return to 
experience will be biased up 

Equation (A) of table 2 is a regression estimate of (5), and (B) is a 
regression estimate of (6) The empirical results are consistent with the 
hypotheses outlined above When the additional variations m postschool 
investment are accounted for, the coefficient of determination increases 
by almost 50 percent, from = 0644 in (B) to = 0951 in (A) 
Although this IS smaller than the increase predicted by Mincer, this is to 
be anticipated, as (5) captures some but certainly not all of the variation 
m postschool investment wiihm race-education groups It should also 
be noted that the magnitudes of these coefficients of determination arc 
not direidy comparable to the results of, for example, Mincer (1974, 


’^This survey was iruliated by James S Lolcman and Peter H Root 

We assume the error terms m (5) and (6) may be serially corrcUted for iW same 
individual but ore not dependent for diflrrenl individuals Oidinarv least^ouarcs 
will . 1 ,us be unbiased and consistent, although not effics^t Bui 
w tn such a large sample efficiency is not a central concern, and, as we shaU see all 
estimated coefficients in tabic 2 aro ..gmfic.nl a, the .01 lev^l anyway We 
cqucntly estimated (5) and (6) by ordinary least squares If the error term wen not 

*" «ltemative emrnaUon technique such as eiror 
omponenu would be required (Wallace and Hussam 1969) 
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3 , 92), since we are employing potential rather than actual earnings as 
he dependent variable 

We also find that the estimation of (5) in comparison with (6) results 
n a lower estimate of the base eammgs capacity a higher 

sstimate of the rate of return to schooling, and a lower estimate of the rate 
if return to experience The directions of these differences arc 

insistent with the predictions of bias given in table 1 The most important 
)f these results are those which deal with education and postschool 
nvestment If the results can be generalized, they suggest that previous 
:fforts at estimating the Becker-Chiswick model using aggregate data 
which obscured variations in postschool investment within race-education 
vroups may have understated the advantages of education and overstated 
the advantages of labor-force experience ’ * 

Also of interest is the estimate given in (A) of table 2 for the 

average rate of return to deviations from the mean number of “tunc 
equivalents” spent in postschool investment The estimated return 
( 0052) is approximately one-twentieth of the estimated return to ex¬ 
perience alone ( 1077) This large difference suggests that earnings arc 
relatively insensitive to deviations from the average amount of posischool 
human investment That is, an individual gains little by choosing a 
k(0)‘ above the norm or, conversely, loses little by choosing a 4:(0)‘ below 
I the norm This may reflect the tendency of employers to reward, through 
such practices as seniority, the nominal amount of experience a worker 
has rather than any especially intensive human investment 


III. Summary and Conclusions 


This paper has refined the widely employed Beckcr-Chiswick human- 
(ajntal model to allow for variations within age-cdiication groups in jxisi- 
school liuman investment The pereentage of relative ({lolenlial) earnings 
vanation explained rises by about 50 percent when these variations are 
actounttd for 1 here is also evidence that not allowing for these varia¬ 
tions will lead to understating merits of the rewards to education and to 
ovi 1 stating merits of the rewards to experience We additionally find that 
ill! returns to above-average postschool investment are quite small 
We conclude, as was earlier suggested by Mincer (1974), that the 
explanatory powe-r of human-capital theory may be greater than earlier 
empirical work has demonstrated One might anticipate that as more 
sophisticated longitudinal data become avtilablc (for example, data 


'' For Ci) ln-‘ (7 7676) = 2362 77, anci lor (6) In'' (7 823')) « 2498 64 These base 
■iirnings eapacitirs iiicluelc the impact on the cohort of secular income growth, aininung 
uch growth in a given calendar year u independent of expcncncc levcb {Johnion and 
Icbcm [1974, p 605]) 

' It IS, of course, possil^e that the techniques employed in this paper have introduced 
'ther spcciRcation errors For example, A:(0)t may be measured wuh error (sec nn. 6 and 7) 
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sjjeafymg the expcnencc variable more precisely) further increases in 
the model’s explanatory power will be realized Moreover, the develop¬ 
ment of such data sources may allow us to regard the estimates of the 
parameters of the human-capital model with more certainty 
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The Conundrum of the Low Issue of 
National Bank Notes 

John A James 
Unwerstfy of Vtrgtnta 


In the late nineteenth century the United States experienced a prolonged 
period of deflation, with the Warrcn-Pcarson wholesale pnee index 
declining from 136 in 1872 to 68 in 1896 (Warren and Pearson 1933, pp 
12-13) Between 1879 and 1897 prices fell at a rate of 1 percent per year 
while the money stock increased at a 6 percent annual rate, which was 
markedly slower than the rate of increase after 1897, This relatively 
slow rate of growth of the money supply resulting in the deflation has 
frequently been attributed to the scarcity of gold over the period. To be 
sure, increases m the stock of high-powered money did account for two- 
thirds of the monetary growth which occurred between 1879 and 1897 
(Friedman and Schwartz 1963, p 121), but the scarcity argument is 
somewhat incomplete since gold was not the only constraint on the growth 
of the stock of high-powered money The volume of high-powered money 
at the time was nowhere near the maximum allowable amount 
National bank notes also were a component of high-[X)wcred money. 
'I’lie National Banking Acts of 1863 and 1864 autlionzcd national banks 
to issue notes after certain types of U S bonds were deposited with the 
treasury as collateral The amendments of 1882 limited note issue by 
’ individual national banks to 90 percent of the paid-in capital of the bank 
and 90 percent of the par or market value, which ever was lower, of the 
bonds used as collateral The Gold Standard Act of 1900 eased these 
requirements to allow issues up to 100 percent of the paid-m capital and 
the par or market value of the bonds ’ 

Between the passage of the Resumption Act of 1875 and 1900 never 
more than 30 percent of the maximum allowable issue of notes was 
actually issued Some constraint other than just gold affected the growth 
of the stock of high-powered money What could have limited the issue 
of national bank notes^ In fact, the problem is all the more curious in 


The insights of Michael Lichstein are gralciuUy acknowledged 
I or more detail about the legal provisions of note issue see, e g , Riport tftht Mtmtmy 
Commission oj l/u Indianapohs Coniuntwa (1898), chap on “History of the National Banking 

System ” ^ 
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View of Cagan’s calculations of the proBtability of note issue, which show 
It on the whole to have been a quite lucrative activity * In only the period 
1884-91 was the profit from note issue below the average return on 
national bank assets, between 1892 and 1897 the excess profit on note 
issue averaged 3 3 percent p>er year above other bank assets, after the 
hbcrahzed requirements went into effect in 1900 the return averaged 
25 percent per year by Cagan’s calculations (Cagan 1965, pp 88, 93) 
The percentage of the maximum allowable amount of notes actually 
issued did fluctuate with the profitability of note issue, but in view of 
their apparent profitability why was the total number of notes issued so 
smalP In the 1890s for example, note issue was quite profitable, but 
by 1900 onlv 28 pierccnt of the maximum allowable had been issued 
Fnedman and Schwartz conclude, “We have no explanation for this 
puzzle,” and allude to either obtuseness on the part of bankers in the 
face of a profitable opportunity or some unseen costs of note issue (1%3, 
pp 23-24) 


1. The Goodhart Explanation 

One attempt at such an explanation making explicit the unseen costs 
was by C A E Goodhart (1965), who tried to explain the low issue of notes 
in the penod 1900-1913 when note issue was quite profitable and the 
quantity of notes in circulation was nsing rapidly He argued that banks 
were reluctant to issue notes because “there was always a possibility, and 
after 1907 a probability, that the circulation pnvileges would be termina¬ 
ted If this happened, the bonds held as collateral would fall in value” 
(p 516; Over the period which Goodhart examines, 1900-1913, national 
bank notes outstanding more than doubled from $323 5 million to $733 7 
million, in 1900 note issue amounted to 28 percent of the possible maxi¬ 
mum and rose to 80 percent by World War I (Fnedman and Schwartz 
1963, p 23) This risk explanation is designed to explain the retardation 
m the rate of increase of note issue after 1907 in view of substantial 
increases in its apparent profitability over that pieriod At best, this 
explanation is limited to the penod 1907-13 and has little relevance to 
the question of low note issue in the 1890s, moreover it is not an opera¬ 
tional hypothesis 

If note issue was so nsky after 1908, then why did the proporuon of 

^ Ca^n anumn the notea obtained from the purchase of a U S bond could be used to 
purchase more bonds for note issue, and then the process it repeated For simpUcity wc 
may assume the bank paid for the initial bond purchase with the notes obtained from iM 
depoot plus enough of Its own capital to make up the diflercnce The annual rate of return 
on invested capital from note issue up to 1900 then, is (Pi/lOO — E)I(P — 90), where P u 
the market price of the bond, ■ is its yield, E a the annual expense of issuing $90 in notes 
This asnunes the market price exceeded par value, which was true throughout the penod 
(Cagan 1965, p 87) 
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TABLE 1 

Ratio of Outbtanoino Gimiulation to CAPrrAi- (%) 


j— 


Central- 

Other 




Reserve 

Reserve 

Country 

1 Date 

New York City 

Citict 

Cities 

Banks 

1 September 6, 1904 

August 2*1, 1905 

September 4, 1906 

August 22, 1907 

September 23, 1908 
September 1, 1909 
September 1, 1910 

369 

503 

43.2 

44.2 

49 1 

46 I 

38 4 

38 0 

49 5 

47 8 

467 

51 6 

50 8 

448 

51 4 

55 2 

59 6 

582 

649 

67 8 

64 3 

59 1 

62 8 
665 
668 

71 6 

75 9 

75 6 


SauRuc -Bell 1>)U, p 56 


notes outstanding remain so high^ Goodhart’s answer lies in differing 
behavior of country and city banks Between 1908 and 1913 the ratio 
of notes outstanding to paid-in capital declined from 51 6 to 42 9 percent 
and from 65 0 to 61 8 pertent for central-reserve city and reserve city 
banks, respectively, while it rose from 71 6 to 79 1 percent for country 
banks (1965, p 520) Thus, the increased note issue of country banks 
concealed the decline by city banks Goodhart (p 522) explains this 
j relative decline in note issue by city banks in terms of lower costs of note 
1 issue for country banks The marginal costs of note issue differed between 
[ city and country banks because of differences in redemption costs 
Country banks could get rid of unwanted notes by depositing them in 
city correspondent banks and earning interest on them On the other 
hand, city banks were forced to submit these notes for redemption in 
slack periods when they could not keep them in circulation, since they did 
not constitute lawful money reserves During the transit period after 
sending the notes off to be redeemed and before receiving lawful money 
back, the redeeming bank earned no interest at all on them 
This interim period between the shipping of the notes and receiving 
the redemption money was usually about a week or 2 (Goodhart 
1965, p 521) If the loan rate in reserve cities during this penod was 
6 percent, which is a substantial overestimate for most reserve cldcs, 
the opportunity costs of redemption in foregone earnings amounted to 
0 25 percent of the value of the notes redeemed for a 2-wcck redemption 
process One-quarter of 1 percent cost differential is a trifling one to 
explain the change in country and city bank issue of notes 
Moreover, consider table 1. If the cost-differcnUal argument were 
valid, It should hold in every jicriod, since country banks always had the 
option of sending their notes to city correspondents In table 1 we see 
that between 1904 and 1910 central-reserve city and reserve city banks 
as well as country banks expanded their note issue A more plausible 
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explanation for the relative increase in country bank note issue and a more 
general explanation for the low issue of national bank notes will now be 
offered 


n. An Opportunity Cost Explanation 

This “puzzle” of the low issue of naUonal bank notes becomes clear as 
soon as the process of bank portfoho selection is considered A bank has 
to decide the relative amounts of notes and deposits to hold in its habihty 
portfolio when making loans If the rate of return on loans is very high, 
as was the case in the South and West, then clearly it is going to be more 
profitable to make loans through creating deposits rather than to buy 
government bonds and then issue notes (in the form of loans) on 90 
percent of par value 

Lichstein (1968) has argued that Cagan’s profitability calculations 
break down in practical application Cagan assumed that notes issued 
on a bond were used to help pay for the bond If bond purchases were 
made through a broker, usually at some distance from the bank, it is 
unlikely that such transactions were made by notes If they were, the 
broker would undoubtedly have deposited them with another bank, 
which probably would have redeemed them Cagan assumed the bank 
could keep all its notes outstanding in the process of purchasing more 
bonds 

Instead the bank is faced with two basic choices of what to do with an 
increment in deposits It can loan out the funds directly or purchase 
bonds with them and loan out notes equal to 90 percent of their par 
value At high interest rates it will be more profitable to loan out the total 
directly since otherwise it would be losing the high interest on the differ¬ 
ence between the market pnee and 90 percent of the par value of the 
bonds Assume bonds sell at par and their yield is 2 5 percent We also 
assume the costs of note issue to be 1 percent, a plausible figure (Lichstein 
1968, p 9) and, for computational convenience, that 85 percent of the 
par value of bonds is issued as notes Now the local interest rate X at 
which the return on note issue equals the return on loaning funds directly 
may be solved for 


2 5% + OdbX - = X (1) 

X = 10% 

At a loan rate of 10 percent the bank is indifferent between issuing notes 
or directly malung loans, at rates above 10 percent the bank will find 
lending directly more profitable and issue no notes, ignoring diversifica¬ 
tion motives 

So western and southern banks would issue very few notes because 
the opportunity costs of note issue, local loan rates, are so high. On the 



iMMUNICATIONS 3®3 

hand, in the East where interest rates were lower note issue could 
very profitable, and we would expect to sec a relatively lai^e amount 
notes issued This simple idea formed the basis of the explanation of 
W note issue by the Indianapolis Moncury Commission, as summarized 
Taylor (1898, p 320) ■ “Whether or not a given rate is to be accounted 
ivv depends upon the alternative investments which arc open to the 
nkers In the older districts such alternative investments at times bring 
en lower returns than government bonds [In the West] banks 
ill find opportumties for use of all their resources at six to eight percent 
aturally enough they will invest the minimum possible in government 
nds In consequence, those portions of the country which have the 
■catest need for notes have as a rule the smallest supply ” 

The commission was misled by an erroneous calculauon of the profit- 
.bility of note issue and thus compared local loan rates with the fixed 
turns on government bonds but nevertheless recognized the geographic 
anation in the pattern of note issue The percentage of maximum per- 
issible note issue that was actually issued by banks, which was taken to 
ave been determined by the provision that national banks could issue 
otes up to 90 percent of the value of their capital, in 1897 in such Eastern 
tates as New Hampshire and Rhode Island was 55 9 and 53 9, respicctivcly, 
hile in North Carolina it was 3 2, in Mississippi, 4 2, in Arkansas, 
8, in Nebraska, 2 6, in Kansas, 6 9^ The reason for the low note issue 
s clear A large part of the country, the West and South, issued virtually 
o notes at all because banks had more profitable alternative uses for their 
Imds 

This explanation is also supported by table 2, compiled by Charles 
unbar (1904) who also emphasized the geographic vanauon in the 
rate of note issue although he, too, was misled by an erroneous calculation 
of the profitability of note issue. In 1896 in Texas, 88 national banks 
had capital of the $50,000 minimum requirement and 86 of these held 
jthe exact minunuin required amount of government bonds, of the 76 
exas national banks with capitals between $50,000 and $100,000, 
63 held the exact minimum of government bonds It is precisely in these 
rural areas that loan rates were the highest Similarly, m 1896 in Nebraska 
113 national banks, having an aggregate capital of $10,975,000, held 
only $368,650 of government bonds in excess of the minimum rcquire- 
■nent, and $333,000 of the excess was held by banks in the cities of 
Lincoln and Omaha (Dunbar 1904, p 233) 

One of the ironies of this geographical diflcrcncc in note issue is that 
he demand for currency against demand deposits is generally thought 
0 have been higher in the West and South However, it was in those 




These pcrcenuges rq>rf»rnt the discrrtioiury note uaue of btnki» cxduding that on 
S bonds required to be held as part of bank capiul^ i e- , a percentage of the amount 
lat may be issued tn exceu of the required bond depout (R^t of Momimy Commitsm 
thi Indianapolis Corwontion 1898, p 192) 
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TABLE 2 

Bonds Hku> for Cwculation in Excess or Minoivu REQUiREttENT, 
October 1896 ($ Miluon) 


Region 

Bonds Held for 
Circulauon 

Minimum 

Required 

Percentage ol 
Excess 

New England 

65 4 

21 6 

67 

Middle States 

87 9 

28 9 

67 

North Central 

45 6 

24 9 

45 

South and Southwest 

21 3 

14 2 

33 

Missouri River 

92 

7 1 

23 

Central and Mountain 

39 

2 9 

29 

Pacific 

39 

3,0 

24 


SooRCB —Dunb*r 1904, p 23i 


rural western and southern states, where local loan rates were high, that 
bank notes were hardly issued 

The low issue of national bank notes can be explained by the high 
opportunity costs of note issue in the (brm of local loan rates m southern 
and western states ■* What then caused the substantial increase in note 
issue by country banks and, to a lesser extent, by otlier reserve city banks 
as partially evidenced in table 1 ^ The solution to a large extent lies in the 
dechnes in local interest rates over the penod Especially in interior 
areas, where most of the country banks were located, local interest rates 
fell more rapidly over the last part of the nineteenth century, narrowing 
the differentials with eastern rates * As the local loan rates of country 
banks dechned, it eventually became profitable for those banks to issue 
notes Similarly, by the turn of the century a substanUal number of reserve 
ciUes were fairly small ones in the West and Midwest, as loan rates fell 
there also, it became profitable to issue notes In contrast, in central- 
reserve ciues, which were well developed and stable money markets, 
the percentage of notes issued changed relatively little 

This hypiothesis may be tested empirically I’o be sure, tlus model of 
the determinants of note issue is a very simple one in which only the 
supply side is considered.* ITic percentage of the maximum allowable 
notes issued depends only on local opportumty costs The relauvc diffi¬ 
culty of keeping notes outstanding is not considered exphcitly, since data 
on demand influences such as the currency-depiosit preferences of the 

* Cron-Kction regresnoru for lelccted lime penodi indicate that the local intereit rate, 
the opportunity cost of note issue, is a significant factor in accounting for geographical 
variation in note issue The higher the focal interest rate, the smaller the percentage cf 
note issue 

’ For more information about declining interest rates and the narrowing of interregional 
interest rate diffcrentiaJt tee Davis (1965) and James (1974, chap ]) 

* It is implicidy assumed that some degree of interregional capital immobility exuied, 
to that profilability difTercntials were not arbitiaged over tunc by inlerregiaiial flows of 
funds. Despite the existence of such mechanisms as interbank borrowing and lending, a 
perfect capital market did not exist in the pottbellum Umted States (James 1974, pp 
477-86). 
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I local community are not available ’ The Report oj the Morutaty Com- 
I mission (1893, p 375) also argued that note issue was smaller in western 
! regions because of the riskiness involved in the high seasonal variability 
of demand in agricultural regions 

Docs variation in local interest rates geographically and over time 
explain differences in percentage of notes issued? Cross-section time series 
over the period 1888-1911 were estimated for both country banks by 
state and reserve city banks using a two-round BAN (Best Asymptotic 
Normal) estimator in which the error term is considered as the sum of a 
group specific and an individual component (Balcstra and Ncrlove, 
1966) The dependent variable, PCXCS (Percentage of Excess Bonds 
Held), IS the percentage of excess bonds held for circulation m relation 
to minimum required bond holdings The principal explanatory variable, 
R, IS the difference between the local loan rate* and X in cquauon (1), 
the interest rate at which the bank is indifferent between issuing notes 
and creatmg deposits, ignoring diversification motives * In other words, 
R measures the relative profitability of notes versus deposits, the more 
positive R IS, the more profitable it is for the local bank to create deposiu, 
SEAS IS a semiannual seasonal dummy The results for country banks, 
with t-statistics in parentheses, appear below 

PCXCS = -5 125 R - 50 450 SEAS + 71 821 

(-46 26) (-17 35) (96 75) (2) 

R^ = 595 F(2,1792) * 1314 6 

Similarly, the results for reserve city banks are 

PCXCS = -2 623 /f 4 087 SEAS + 63 594 

(-18 99) (0%) (29 99) (3) 

= 327 ff(2,738) = 1796 


1, currency-depaiit prcfercncei of an area are liable over time. tiu> 

should be taken care ol m the group elTect of the crou-jection time senes Moreover, if 
currency demand 15 higher in rural areas, trims [mnbui leading to an increase in note 
issue, and local loan rales are high there alio, then omusion of the demand-tide influence 
biases ihc results against the hypothesis 

* 1 ocal interest rales were computed from ihe baUnce sheets and camingi italeroents 

"'"Ac Currency, the icnes are Mmuannual 

Irotn 1B88 to 1911 (sec James 1974, chap 6A) 

90 (of the Gold Standard Act of 1900 in raising the maximum note iscue from 
percent of the par or market value, whichever was lower, of the U S bond 
purchased may be incorporated dirccUy into variable X, mice through eg (H It B 

>"‘"e.t mte at which the bank u^ffe^St 
^uing notes or creating deposits However, the simple form of eq (1) has no iolu^ 

asamnor” “P Percent of the value of the bond* became of the 

par SO ha"t P'"'^ government bond. >oM ab^ 

issu^ nn, r cooW loan out directly the total mariiel value of the bond or couU 

Kovcrnmrni* T differential between the market and par value of 

equation ^ dw toriei for Uto ertisnaied 



JOURNAL OF POLITICAL ECONOMY 


366 

In both cases the effects of local interest rates are highly significant, with 
a 1 percentage point decline in local interest rates leading to an increase 
of more than 5 percentage points in the proportion of notes issued relative 
to the mimmum requirement for country banks and a response of about 
one-half that for reserve city banks * ® The increase in note issue by country 
banks over the period was greater then because the decline in local 
interest rates was larger there, and in addition the responsiveness to 
changes in the local loan rate, the estimated coefficient of R, is much 
larger for country banks This may be due to the possibility that in rural 
areas the preference for notes relative to deposits was stronger and, as 
local interest rates declined so that it became profitable to issue notes, 
country banks were able to keep a larger percentage of their notes out¬ 
standing than reserve city banks, hence country' banks were much more 
responsive in their note-issue policy than city banks In equations (2) and 
(3) the observ'ation of the Indianapolis Monetary Commission that the 
high seasonal variability of demand in primarily rural areas discouraged 
note issue is also supported In the country bank regression the seasonality 
coefficient is large in magpiitude and significantly negative, on the other 
hand, in the reserve city regression it is relatively small and insignificant 

nL Summary 

One of the unsolved problems in nineteenth-century monetary history 
has been why so few national bank notes were issued even though most 
of the time their issuance seemed to be very profitable The Goodhart 
explanation for this phenomenon is unsatisfactory The higher cost of 
note issue for city banks is very small indeed, and the increased risk is 
really relevant only after 1907 It does not offer a general explanation 
for why note issue was so low in, say, the 1890s Just as Goodhart attempted 
to resurrect the explanation of Spurgeon Bell, this paper represents a 
modified restoration of Charles Dunbar and the Indianapolis Monetary 
Commission 

The principal reason behind the low issue of national bank notes lav 
in differences in the relative profitability of note issue across areas as 
evidenced in the wide geographical variation in note issue Southern and 
western banks issued hardly any notes at all m excess of the imnimum 

'* There i» the question, of course, whether differences m local profitability of note 
issue are the important effect or whether differences in local mtcresl rates only pick up 
systematic regional differences such as populaUon density, differences in preferences for 
holding notes, or average city siac, all of which might influence the relauve difficulty of 
keeping notes outstanding and thus may be the true determinants of geographical 
variation in note issue A pooled regression of country and reserve city banks of the tame 
form was esumated including both regional dummies and one for reserve cities. Once 
more, the R coefficient was highly significant while the dummies were generally small and 
insignificant, contributing little cxplanalory power. Vanauons in profitabihty appear 10 
be the dominant influence 
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requirements, in spite of the strong demand for notes in those regions, 
because of the high opportunity cost of note issue as measured by the 
local interest rate If the country bank chose to issue notes it would lose 
the high interest on the difference between the market price of the collateral 
bond and 90 percent of par value. Similarly, the general decline in interest 
^ates over the period in rural areas made note issue a relatively more 
attractive prospect for banks, and as a result the percentage of maximum 
note issue actually in circulation increased over time 


{ References 

Balestra, Pietro, and Ncrlove, Marc “Pooling Cross-Section and Time Senes 
Data in ihe Estimation of a Dynamic Model The Demand for Natural Gas ” 
Economtnea 34 (July 1966) 585-612 
[Bell, Spurgeon “Pro6t on National Bank Notes " A E R 2 (March 1912) 36-60 
i Cagan, Phillip Delerminaiil^ and Effects of Changes in Ihe Slock oj Money, 1875 1960 
New York Columbia Univ Press, 1965 

i Davis, Lance “The Investment Market, 1870-1914 The Evolution ofa National 
Market ” J Econ Hist 25 (September 1965) 355-99 
Dunbai, Chailcs Economic Essays New York Macmillan, 1904 
f nedman, Milton, and Schwartz, Anna A Monetary History of the United States 
Princeton, N J Princeton Univ Press, 1963 
Goodhart, CAE “Profit on National Bank Notes, I900-I9I3 " J PE 73, no 5 
(October 1965) 516-22 

: James, John A “The Evolution of the National Money Market, 1888-1911 ” 
PhD dissertation, Massachusetts Inst 'lech, 1974 
Lichsiein, Michael “An Explanation ol the Low Issue of National Bank Notes, 
1875 1900 ” Unpublished paper, 1968 

Report of the Monetary Commission of the Indianapolis Cyonventum Chicago Unis 
Chicago Press, 1898 

Taylor, F M “'The Final Report of the Indianapolis Monetary Commission ’* 
J PE 6, no 3 (June 1898) 293 322 

Warien, George I , and Pearson, Frank A Prices New York Wiley, 1933 



Autocorrslated Growth Ratos and th© Pareto 
Law: A Further Analysis 


Darnel R Vming, Jr. 

Unwtrsify of Ptm^ylvanu 


Introduction 

While the Pareto law* is a useful first approximation to many size 
distributions in economics, one frequently encounters in plots of these 
distributions on double log paper a curve that is concave downward in 
shape instead of the straight line predicted by the law * One possible 
source of this curvature is a violation of the first of the assumptions that 
Simon (1955) uses in his model to generate the Pareto law—namely, the 
assumption that percentage rates of growth arc independent of size, 
otherwise known as Gibrat’s law of proportionate effect If, m fact, growth 
rates are negatively correlated with size, then there will be more cities or 
firms m the intermediate size classes than would be anticipated from the 
Pareto law, and an abundance of middle-sized firms or cities is precisely 
the meaning of the curvature, Supporting evidence for this hypothesis is 
the fact that for populations whose size distributions have this curvature, 
the empirical literature docs tend to report an accompanying inverse 
relationship between growth rates and size. ^ 

I am grateful to Yuji Ijin and Herbert Simon for valuable commrnti on ihu and a 
previous draft of this paper and to an anonymous referee for extensive commentt and sug¬ 
gestions, many of which have been incorpomed into the draft here published 

' The Pareto law slates that "the logarithm of the precenlage of units with a sue 
exceeding some value is a negatively sloped linear function of the loganthm of that value" 
(Kk in 1962, p 150) Throughout this paper, I shall use the word distnbuUon to mean the 
greater-than cumulative, as is customary in the literature The rank-size relaUonship or 
distribution is another name lor the greatrr-ihan cumulative and will be used here 
interchangeably 

j ' Instances of this curvature abound in the empirical literature on firm, incosne, and 
;cily size distributions Among the earliest to note it were Shirrai (1935, p 669) and 
Champernowne (1953, p 347) for the income distributions of India and England For 
similar evidence on city and firm size distnbulioni, see, among othrn, Strindl (1965, 
p 194) and Parr and Suzuki (1973, p 346) My dissertation ccnlaira a more exientivt 
list of such references 

^ Negative correlations between growth rates and sizes of metropohsei have been 
reported by a number of researchers in recent yean See, for example, Berry (1973, 
p 104) and Leven (1973, p. 355) For simtlar evidence concerning firms, see Stemdl 
[1%5, pp 214-15) and Jacquemui and Cardon de Licbtbucr (1973, pp 402-3); lor 
icrsonal incomes, sec Thatcher (1971) My disKrtation conlains a more extensive lot of 
uch references. 

»/ Poitlttal Ettmamy, 1976, vol 84, no 2) ' 

j 1976 by The Univenity of Chicsfo All iighls reserved 
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One interprctauon of this latter phenomenon in the case of firms, and 
the natural one to economists, perhaps, is that the increasing size of a firm 
acts in some manner to inhibit its rate of growth—that there is something 
inherent in the very nature of size that causes a progressive decline in this 
rate as it expands its activities The conventional description of this 
tendency among the firms of an economy is that they are subject to 
decreasing returns to scale By this interpretation, therefore, the presence 
of curvature in plots of firm size distributions on double log paper for an 
economy is nothing more than a sign of diseconomies of size in that 
economy 

In a recent paper, howeier, Ijtn and Simon (1974) indirectly argue 
against this interpretation by demonstrating that curvature may arise in 
the absence of any explicit violation of Gibrat’s law, an assumption that 
IS frequently taken in the economics literature to be equivalent to that of 
constant rather than decreasing returns to scale According to Ijiri and 
Simon, curvature may result instead simply from the existence of a strong 
autocorrelation in growth rates over time, a fact about the growth of 
firms which was not allowed for in the growth process Simon (1955) 
originally postulated to account for the Pareto law * In using this fact 
about the growth of firms to explain the observed curvature, however (or 
so Ijiri and Simon seem to argue), no recourse is needed to an addiuonal 
assumption of a negative correlation between growth rates and size 

What I shall show here is that it is not autocorrelated growth per se 
but rather other features of the model in which this autocorrelation is 
embedded that generate the curvature Specifically, in their model 
autocorrelated growth is modeled in such a way that growth dies out with 
the increasing age of a firm (Ijiri and Simon 1964, pp 86-87, 1974, 
p 322) ’ If autocorrelated growth rates are not accompamed by this 
inverse relationship between growth rates and age but rather are modeled 
so that “leads and lags dissolve with Ume,” to use the language of Nelson 


* The data leveal a strong element of persistence in most economic proceliei. For 
evidence on metnqiolitan growth rates, sec Bogue (1953, p 35) and on growth rates of 
firms, Ijin and Simon (1967, p 354) and Singh and Whittington (1975, pp 21-22) 
Persistency in the growth rates of urban areas appears to be significantly higher than that 
m firm growth rates (see n. 10 below) Personal income and wealth data have been in- 
sufikiently detailed to date to determine if their year-to-year rales of change are likewise 
highly correlated In his revisian of his master’s thesis, Champemowne (1973, p 204) 
conjeclures that the correlation between logged increments of income this year and last, 
for a given individual, will lie somewhere between 2 and .6 An indirect estimate of the 
correlation coefficient by Greedy (1974, p 411) suggests, however, that it is very small. 

* And, therefore, since age is posiUvcIy correlaU?d with size, there will be a negative 
correlation between size and growth rate for any cross-sectional sample of firms. Though 
cetens panbus growth rates arc independent of size—“the ceteris panbus asiumpuoo 
being that the previous growth of the firms being compared took place at about the same 
tune” (Ijiri and Simon 1964, p 81)—the likelihood of cetens panbus ever holding for two 
difTcrent-sized firms declines with the absolute diflcFencc in their sizes 
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and Winter (1973, p. 448), then curvature of the type observed wUl not 
arise * This is demonstrated via the continuous model of autocorrclated 
growth presented in Ijiri and Simon (1967), which is really nothing more 
than Gibrat’s model (1931) with nonindependent growth ratios I 
conclude that autocorrclated growth by itself cannot be the source of the 
observed curvature, and that therefore the latter may very well be a 
reliable sign of diseconomies of size in an economy (or of some charac¬ 
teristic closely associated with size, such as age) 

A Model of Autocorrclated Growth in which Firm Sizes Are 
Continuous Random Variables 

In the literature on the size distribution of firms, there have evolved 
essentially two representations of the growth processes underlying these 
distributions The first follows upon a model of Simon (1955) originally 
developed to account for terlain statistical regularities observed m the 
distribution of word frequencies It is this model that Ijin and Simon have 
built upon in their subsequent papers on the subject of firm size 
distributions (1964, 1971, 1974) (An exception is their 1967 paper, which 
really belongs to an entirely different tradition of model, to be desenbed 
below ) The more elaborate models presented m Steindl (1%5) may also 
be fairly viewed as having the basic structure of this model at their heart 

It is a model in which (a) the sizes of firms are integer valued, and 
(6) the smallest size is normalized to one The most straightforward 
revision of this model to allow for autocorrelation in the growth process 
is that presented in Ijin and Simon (1964, 1974) Unfortunately, the 
model so revised has the added feature that growth rales decline with age 
of firm It IS therefore quite conceivable that it is this latter feature rather 
than autocorrelation per sc which leads to curv'aturc in the firm size 
distribution To determine whether this is so, it is necessary to model 
autocorrelation in such a way that this negative correlation between age 
of firm and growth rate is absent I have found no very appealing way 
of doing this within the discrete structure of the Ijiri-Simon model 

Fortunately, there is a different tradition of model which treats the size 
variable as a continuous one and is probably best exemplified in the paper 
by Hart and Prais (1956), which followed the work of Gibrat (1931) 
Unfortunately, the Gibrat model is in several respects distinctly more 
limited than that of Ijin and Simon 

First, as Champernowre (1956) and Kendall (1956) note m their 
discussions of the Hart-Prais papier, the Gibrat model docs not allow for 
firm entry at the smallest size (in contrast to that of Ijiri and Simon), 

: 

‘ 1 his IS m conflict with the results reported by Nelson and Winter, however. See 
Nelson and Winter (1973, p 447) 
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possibly because it is much more cumbersome to have this feature in a 
continuous model Second, it does not allow for autocorrelation in the 
growth process, the latest paper by Ijin and Simon (1974) demonstrates 
that their model, again by contrast, is able to do so with only a minor 
loss of analytic tractability One is therefore unable, by a straightforward 
application of the Gibrat model, to determine the extent to which the 
discrete model of Ijiri and Simon misrepresents the effects of auto¬ 
correlation 

To do so would seem to require a synthesis of the two models, which 
IS what I shall attempt in this section Since it is clearly desirable to treat 
the sizes of firms as continuous variables, in this respect I shall follow the 
model of Hart and Prais On the other hand, since entries of new firms 
do take place at a fairly regular rate and since growth rates are serially 
correlated over time, I will allow firms to enter the existent population 
at a minimum size and then proceed to grow in accordance with a senes 
of nonindepiendcnt draws from a growth-rate distribution, as in the 
Ijin-Simon model In contrast to the Ijin-Simon model, however, the 
draws arc made blind to age as well as size, so that the expected growth 
rate of anv given firm over its future is independent of its current state 
At the same time, this docs not preclude the possibility, which seems to 
be implicit in Ijin and Simon’s exposition, that momcntanly slow- 
growing firms will congregate in certain size classes and thereby give the 
impression that these sizes are mimical to growth 

Models of this form have so far resisted my attempts at analytical 
solution, and I have therefore sought the properties of the size distribution 
that they generate via simulation The remainder of this section desenbes 
one specific model incorporating the features desenbed above and the 
next the results of a simulation experiment performed on it 

The basic structure of the autocorrelation component of this model, 
mterestingly enough, has already been worked out by Ijm and Simon in 
their 1967 paper, although the approach was not pushed toward an 
explicit treatment of the steady-state distribution of firms implied by it ^ 
In what follows I have borrowed heavily from that paper, m some places 
using their own language I have elected not to disentangle what is theirs 
from what is mine, in the interest of readability 

Let Sj, be the size of the ith firm at time t and r„ the growth ratio that 
relates S„ to 5,so that 

“ ’■|r^«i-i) 

Let us further dccompiose r„ into two factors one is a growth factor 

’ In Ijin and Simon (1974, p 322), the empirical results of the 1967 paper are pre¬ 
sented as coaAmung the assumptions of the modrl presented in the 1964 and 1974 papeo 
For those iamiliar with these papers, the purpose of the present paper may be thought 
of as an exegetic one in which the two models advanced in these papers are shown to be oi 
two quite diRercnt growth processes 
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applicable to the ith firm only (the individual growth factor), p,„ and the 
other a growth factor that affects equally all firms in the economy, p. 
Thus, 

fj, =■ Pt.fi (2) 

fHence, 

~ PllP^Ht-l) ( 3 ) 

Assume that the individual growth ratio, pj„ in the tth period is the 

product of the growth ratio of the same firm in the (1—1) period and a 
random factor, which is distributed independently and identically for 
every firm and for every 1—that is, 

(4) 


Pit 




herc P IS some constant in the range 0 ^ fi < 1, and e„ has mean 1 
nd variance 

P — 0, then we have the familiar Oibrat model that Hart and Praii 
ave employed in their work On the other hand, even if p > 0 (growth 
ates are positively correlated over time), (4) together with (3) is sull 
;onsistent with Gibrat’s law since the expected growth ratio over the 
uture is independent of current firm size and age That is, since P < I, 
rowth rates will have a tendency to regress toward the average growth 
■ate of the entire economy, p 

To complete the description of the model, there remains only the 
iquestion of entry, ignored in the Hart and Prais model as well as in the 
[model of Ijin and Simon (I%7) just presented In the latter’s discrete 
|modcl, however, firms enter at the minimum size, I, at some constant 
rate, a This rate is measured empirically (see Simon and Bomni 1958, 
,p 611, Engwall 1968, pp 142-43, Vinmg 1974, p 327) as the share of 
aotal growth for the firms above a given minimum size over a given tirot 
toenod which is due to new firms entering this population during this time 
feenod By the notation introduced above, the total growth due to old 
■firms, 0G„ between the beginning and the end of time I is given by 

»(f-1) 


®^'i 1*^11 ~ *^1(1-u]> 


(5) 


^here k{l - 1) is the number of firms m the economy at the end ofumc 
— 1) If the share of total giowtii by new firms is a, then the total 
■umber of new assets to be added to the economy via new firms should 
pe. on the average, 

NG, = OG,[at/(l - at)] (gj 

New firms arc entered at the end of time f The number of such firms 
fs given by 


tfc. - fVG,/s.,„; 


( 7 ) 
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where >$'„{„ is the minimum size Smce NC, must be an integer, in th( 
actual simulation of this process, it is rounded off to the nearest integei 
and the remainder (negative if rounded up and positive if rounded down] 
IS earned over to the next time pieriod and added to •iVC,+, Thus, in the 
actual simulation, NC, is calculated eaeactly by 

NC, = INT[{NG,iS^J + 5 + (8) 

where, 7?^ equals zero, and INT is the 

Fortran function that converts the number in its argument consisting of a 
whole number plus a fraction to that whole number For the next time 
period t + 1, these new firms are regarded as old firms with size “^mln and 
growth ratios + calculated from (4) with equal to one 

The simulation proceeds, therefore, m two steps At the first, each 
existent firm’s growth ratio, p,„ is computed via (4), ^ is held constant 
throughout the simulation, and is drawn from a lognormal distribution 
with mean 1 and variance <7^ * Each firm is then “grown” to its next 
period’s size and the total increment of assets for the old firms, 0G„ is 
computed via (5) At the second step, the number of new firms to be 
added is computed via (6) and (8), their initial growth ratios are assumed 
to be one in the calculation of their growth rates in the succeeding time 
period, while their initial sizes are taken to be the minimum firm size, 
4S’„,„ The simulation executes these two steps for a large number of 
Iterations At the end, the existent firms are arrayed in order of decreasing 
size and plotted against their ranks on double log paper The next section 
of this paper presents these plots for different values of P with a, p, and a 
held constant 

Rank-Size Relationships Generated by the Model 

This accuon compares the rank-size relationships generated by simulation 
runs of the model desenbed in the last section for different degrees of 
autocorrelation, that is, for different values of fi All other parameters of 
the model [p, a, and tr) were held constant during these runs Specifically, 
p was set equal to 1 0285, <r to 0 0095, and a to 0 05 The particular 
values of the first two were chosen simply to insure that firms rarely 

' Thu implies lognormally dutnbuted growth rates, i.c , a distribution of growth rates 
skewed to the ngfat The empirical literature lends to substanUate thu assumption Sec 
Madden (1956, p 250^ for the evidence concerning cities and Hart and Prau (1956, 
pp 170-71) for that concerning business firms Mandelbrot (1963, pp 30-31), however, 
argues that the dutnbuuon of logged growth ratios u closer to a two-tailcd Pareto than 
the normal distribution that one would expect from lognomnally dutnbuted growth rate) 
— 1 c , that there are many more extreme observauona than one would expect from » 
normal distnbution 
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ieclinc in size it will be remembered that the Ijin-Simon model is one 
a pure growth process, and therefore m order to make a valid 
[companson with that model the one presented here must also possess that 
roperty Although the value for a is somewhat lower than that reported 
1 the literature,’ higher values were found to demand too much 
omputing time for the number of time penods that I wanted to run the 
iimulation Run time is a direct function of the number of firms in the 
lopulation, which are in turn growing at the (exponential) rate of 
_ l)/(l - a) With p = 1 0285 and « = 0 05, the aggregate rate of 
growth IS 3 percent per time period 

It IS customary in simulation studies to test the procedure on a special 
case of the model for which there is a known analytic solution. In the 
present case, such a case occurs when Q = 0,0 That is, one would 
anticipate from the analytic results presented in Simon (1955) for a 
nonautocorrelaied growth process that the steady-state relationship 
between rank and size would trace out an approximately straight line on 
double log paper with an absolute slope of (1 — a), or 95 if a = 0 05, 
for ^ = 00 'I’hc first graph of figure 1 (for /? = 0 0) bears out this 
expectation The rank-size relationship, after 300 years of simulated time, 
closely conforms to the predictions of the Simon model it is linear on 
double log paper with absolute slope, I — a, or 95 (There arc divergences 
from hntarity in the upper end, which are due to the fact that the slope 
converges only asymptotically to [1 — a] from above [see Vming 1975] 
This means a somewhat larger slope than [1 — a] initially, therefore, as 
observed in fig I, the points will lie above the predicted rank-size 
relationship for large S and small R ) On the basis of this result, I conclude 
that the simulation procedure is an accurate embodiment of that model 
However, the reader is invited to insjjcct the simple Fortran program used 
to implement the procedure, available from me on request 
To compare the rank-size relationships for different degrees of auto¬ 
correlation in the growth process, 1 ran the model for four different 
values of p 0 3, 0 5, 0 7, and 0 9'® Typical log-log charts of the rank-size 
relationships generated by the model for each of these four values of fi, 
again after 300 years of simulated time, are presented in the remaining 
graphs of figure 1 While there is evidence, in agreement with the Ijin- 
Sirnon results (1974), that the degree of curs'ature increases with the 
degree of autocorrelation—that is, with higher fi —the curvature is convex 
rather than concave and lies on the down side of the Pareto curve rather 

■'Sec, for firms, Simon and Bonim (1958, p 612) and Engwall (1968, p 153), for 
citirs, sec Vining (1974, p 327) 

‘“for two 4-year periods, Ijiri and Simon (1967, p 354) mimatr )> to be around onc- 
^rd for the largest 100 corporations in the United States, while 1 have eiunuued p for 
American urban areas, for two 10-year penods, to be around 75 (see Vimng (1975) for a 
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than the upper as reported by Ijiri and Simon Convex curvature generally 
reflects an underlying positive correlauon between growth rates and 
size the larger number of firms generated when /J = .9 is also a sign of 
a positive correlauon between growth rates and size “ 

It seems clear, therefore, that autocorrelation by itself (i e , with the 
expected long-run growth rate for a given firm independent of its current 
age and size) cannot be the source of the curvature actually observed m 
empirical rank-size relationships in that it cannot be the source of the 
negative correlauon between growth rates and size which is the immediate 
cause of this curvature. Quite the opposite, autocorrelation appears to 
generate a positive correlation between size and growth rate, at least for 
a high degree of autocorrelation in the growth process, and therefore a 
higher degree of concentration than would occur if growth rates were 
independent over time I conclude that for autocorrclatcd growth 
rates to be compatible with the observed curvature, the growth rates for 
a given firm must in addition have expected values that arc a declming 
function of that firm’s size or of some variable highly correlated with 
size, such as age Of course, to constrain growth rates in this fashion is 
to rob the original hypothesis (i e , that autocorrelation in the absence ol 


description of the data and fitting procedures) In order to compare the magnitudes of 
these two estimates of ff, it is necessary to standardize them for the same time period 
After adjusting both estimates to an annual basis (by a method easily adopted from 
Tclser [1967], sec Vining [1975]),/I turns out to be 65 and 95 for firms and urban areas, 
respectively Thus, if one were to regard the year as the "natural” lime penod for moat 
economic processes, for two of these processes appears to be well over one-half Theae 
estimates, of course, are intended only to give the reader some rough idea of what degree 
of autocorrelation there is in two important processes in economics, city and corporate 
growth, so that he can look at the charts in figure 1 more intcIligcnUy 

‘ ‘ They arc typical m the following sense for all simulauons, convexity in the rank- 
size chans appears with fi 5 and increases ihcrcafirr The simulaUons for which (he 
charts represent a typical outcome were replicated three Umes (i e , with three diflerent 
random number seeds) for three diflerent initial size dulnbutions (one of 10 firms with 
sizes arrayed in rank-size order with slope parameter equal to 95, one of three firms, 
again in rank-size order, and one of two firms, of sizes five and three, rctpecUvely) 

It IS intcFcsling to note tluit Steindl (I%5, pp 213-14) has argued on mtuiuve 
grounds that persistency in the growth process will generate this pouuve correlation and 
therefore a higher degree of concentration than would be nomud if growth rates were 
independently distnbutcd over time Another interpretation of the increased convexity 
with increasing fi has been offered by the referee "As ^ I, the AR(1) p«xc«, (4), 
approaches nonstationanty In fact, it approaches a random walk Thus, for huge fl, we 
would expect the behavior of the senes to be quite different fiom that for fi near 0 In 
particular, convergence to a steady-state dislnbutjon may be considerably slower It 
IS quite conceivable that the i* creased convexity with increasing fi is due to You 
have already noted that the slight convexity at the upper end for ^ wi 0 u due to the 
convergence to the asymptotic relationship firom above 1 can find nothing in your figure 
which would be inconsistent with the hypothesis that the ofaaerved convexity icpresents a 
shifting of the effect already noted Cor fi ^ 0 Convergence to a steady-state rlMnjtmn— 
can be extremely slow m such processes. If true, the slow convergence could be an — 
and important aspect of the model ” 
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any such constraint will generate a negative correlation coefficient 
computed on a cross-sectional sample of growth rates and firm sises) of 
much of Its intrinsic interest Naturally, if growth rates are ever declining, 
as they are if they are negatively correlated with age, they must also be 
strongly autocorrelated However, it is the former and not the latter 
feature of the model that is the source of the observed curvature * ^ 

A striking implication of this finding is that the rank-size rule, or 
Pareto’s law, must then exist, where it does indeed exist, in a kind of 
balance between autocorrelated growth rates and the inhibitory effects of 
age on growth rates the latter pull the distribution into concavity, the 
former into convexity To judge from the empirical city and firm size 
distributions, however, the age effect appears to have recently come to 
dominate the autocorrelation effect 

Conclusion and Summary 

This paper had the single objective of demonstrating that autocorrelation 
in firm growth rates cannot by itself account for the negative correlation 
between growth rates and size frequently observ^ed in cross-sectional 
samples of corporations (as well as cities) and therefore cannot in turn 
account for the concave curvature observed in the distribution of their 
sizes on double log paper which is an expression of this negative correla¬ 
tion The method used to demonstrate this fact was to simulate the 
continuous model of Gibrat with the added features of autocorrelated 
growth rates and expanding firm population The resultant distribution 
of firm sizes showed convexity rathei than concavity, implying a positive 
correlation between firm size and growth rates Thus, it appears that the 
negative correlation between firm size and growth rates must be built 
directly and explicitly into the model if curvature like that observed is to 
be generated In short, it cannot arise as a by-product of some weaker set 
of <issumptions concerning firm growth 
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It Takes Two to Tango, or Sind 
"Separable Externalities" Uberhaupt 
Moglich? 

William J Baumol 
PrmciUm and New York Unwerstltu 


Vanous things that would seem to require a pair of participants can 
apparently be carried out alone We have victimless enmes and artificial 
insemination Yet it seems hard to think of an externality without (at 
least) two participating parties a victim (beneficiary) and a generator 
(even a victimless crime requires a perpetrator) I will argue that under 
these circumstances the phenomenon called a “separable externality” by 
Davis and Whinston is simply impossible 

It will be recalled that Davis and Whinston define an extemahty to be 
separable if the function dcscnbing the cost (benefit) of the externality to 
the victim (beneficiary) can be wntten as the sum of two terms, one not 
depending on the behavior of the generator of the externality and the 
other independent of the behavior of his victims This independence 
condition was suggested by these authors as a case in which it may be 
feasible to calculate the marginal damage figure on which a Pigouvian 
tax must be based For where externalities arc inseparable, the magnitude 
of that marginal damage figure will depend on the acuvity levels of the 
victims, which, incidentally, arc clearly beyond the control of the 
generator 

Since the appearance of the Davis-Whinston contnbution the concept 
of separable externalities has recurred at least sporadically m the literature 
where it seems implicitly to be suggested that it is a very real phe¬ 
nomenon I will argue here that it is not merely unlikely but, smelly 
speaking, impossible 

I. The Postulates 

Let and x^, respectively, represent the activity level of the victim 
(individual 1) and of the generator (individual 2) of the externality. ThcJi 

Work on ihu paper waj suppurlrd by the National Science foundalion ihruu^ the 
prnjtci (hr Economics of the Environment, at Pnncclon and New York Universities. 
1 am also gratelul to Herbert Mohnng ami trtwrgr .Siigirr for their helpful expoulory 
comments ’ 

I /oKoul o/ Puluuel hiimomf. 1976, vol 84 no Jl 

iC 1976 by I he Univcnity of (. hiissu All nshu rr*rrvr<l 
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wc take the function £(*„ to be a measure of the ma^tude of the 
external effect, presumable as judged from the viewpoint of the victim. 
Now, separability may be defined by the condibon that 


£(x„ X2) = E'(x,) + E^ixj), 
or, wnting £12 = d^Ejdxi tlxj, etc , 

£■,2 = E21 = 0 > 


(la) 


(lb) 


if these dero'atives exist 

Next we write the following relationships to express the assumption 
that It takes two to make an externality 

£(x„0) = £(0,X2) = 0(allx,.A:2) (2) 

Eix*, X*) # 0 (3) 

for some nonzero values x*, x* 

Condition (3) is obviously no more than the assertion that the 
cxteniality exists The meaning of our fundamental condition (2), which 
concenis the magnitude of the activity levels of the two groups, can be 
made clear by two examples The first is the standard illustration of the 
electncity generator whose smoke raises the costs of a nearby laundry 
Obviously, there will be no such damage if either the electric company 
ceases operation (vj =0) so that smoke is no longer emitted or the 
laundrv no longer washes anything (X| = 0) so that there are no laundry 
costs to be increased But though condition (2) depends on the activity 
levels of both parties it docs not necessarily require the generators (or the 
victims) of the externality to ‘'do” anything Their mere presence may be 
sufficient to give rise to the problem, and the magnitude of the pertinent 
“activity” IS then indicated by the number of persons present. Thus, 
consider a room occupied simultaneously by a number (X 2 ) of malodorous 
persons and a number (x,) of persons offended by the odor Then the 
externality clearly disappears if x, =0 because no one is there to suffer 
the displeasure It disappears also if Xj = 0 so that no body odor is given 
off Hence £(0, Xj) = £(X|, 0) = 0, as asserted 


IL The Formal Argument 

I now undertake to prove 

If an externality is separable (satisfying condition [la] or [Ib]) it is 
impiossible for it also to satisfy conditions (2), the requirement that it have 
both a generator and a victim, and condition (3), existence of the 
externality 
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Proof; 

From (2), for Xj = 0 we have 

A£(0.;ta) ^ £(0, x\) - £(0, 0) ^ ^ 

Axj X? - 0 

while by (3), for Xj ■= x* 

A£(^T. X,) ^ £(x?, x*) - £(x:, 0) ^ Q 

Axj x* - 0 

Hence, subtracting (4) from (5) 

A(A£/Ax,) ^ A£(x*, x,)/Ax^ - A£(0, x,)/Ax, ^ 

Axj X* — 0 

If d^Ejdx 2 dxi exists throughout, it follows by the mean-value theorem 
that there is some value x**, with 0 S xJ* S x*, at which dEfdx^ 5x, 0, 

thus contradicting (lb) Q E D 

But even where that derivative A'j, docs not exist it is easy to show that 
(la) contradicts (2) and (3) For, by (3) 

£(xt,xt) = £'(xT) + £^(x;) / 0 (6) 

Hence, at least one of the terms must be nonzero Without loss of gen¬ 
erality, take It to be the first term Then, assuming A'(0) = £^(0) = 0, 

£(xt,0) = £'(x:) -h £^(0) ^ 0, (71 

clearly contradicting (2) 

In other words, a strictly separable externality must be a queer case in 
which damage is produced by a nonexistent perpetrator or is sustained 
by a nonexistent victim’ 


III. Separability Almost Everywhere: Concept and Examples 

As a substitute for the concept of strict separability, as defined by (1), it 
may be useful to consider a weaker case, which I will call “local 
separability,” the case where the cross partial is zero for some set of values 
of the variables 


dxj = 0 (x, e 5„ Xj 6 5j) (8) 

It is not easy to think of examples of externalities that arc even locally 
separable All the classic externality illustrations, such as the effect of 
snioky electru ity produt tioii on a nearby laundry, arc clearly inseparable 
tliroughout That is, the larger the volume of emissions the greater will 
e the marginal cost of laundry One can, however, construct some cawHi 
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m which the external damage is, in efTcct, a fixed cost, affecting the 
victim’s marginal costs only where his activity level approaches zero. 
This can occur when the damaging activity causes the victim to adopt 
some shielding device and the size of the investment in shielding is 
unaffected by the scale of the victim’s activities. In such circumstances the 
external damage is independent of the scale of the victim’s activities but 
dependent on the victim’s decision on exit or entry into the affected 
activity The externality is separable not only for a small neighborhood, 
but almost everyuhere, that is, everywhere but on one axis. 

Thus, imagine a writer who has bought an isolated property and a 
neighbor builds a house next door, which makes the writer too nervous 
to write He decides to build a fence around his property In this case the 
magnitude of the cost is the same whether the writer produces 2, 10, or 
50 pages per day It is presumably also independent of the number of 
neighbors who move m next to him, but that is. not necessary for the 
separability property In this case the writer’s (external and internal) 
cost function takes the form 


'E'i'i. *3) - £■’(■*!) 


(0 if X, = 0 or Xj = 0 
(1 if X, >0 and Xj > 0 


(9) 


where x, = the number of pages wiitten, Xj = the number of neighbors 
and k is the cost of erecting the fence 
An illustration somewhat more conventional in appearance arises 
where the neighbors are noisy, and the amount of the noise (and hence 
the cost of the required sound insulation) vanes with Xj, the number of 
neighbors, but not with the volume of the writer’s production In that 
case the relationship becomes 

£(x„x,) = £>(x,) + 5£*(x,) (10) 


where (5 is defined as before 

But notice that because of the definition of the ^ (1 e , its dependence 
on the presence of some victim-activity) even this case is one of local 
separability ‘ 


IV. Strict Separability within the Feasible Region 

For reasons which will become clear in the concluding section, it may be 
useful also to distinguish cases in which nonseparability occurs in principle 
but IS irrelevant because the region where separability is violated is 
simply not feasible Another artificial illustration will bnng out the point 

‘ One may try to make an cxcepuon of the case in which the writer gives up hu acUvity 
but u driven to put in sound insulation in any event. Here x, must be redefined since it is 
not the writing but the wntcr who is now adversely a/Tected by the neighbor’s noise 
If we define x, as the amount of tune he spends on his property it becomes clear that this 
IS sbll a case of local separability 



OQMUUNIOATIOMI 3^5 

Consider some pollutant that affects the atmosphere equally throughout 
the world, in terms of its effects on people who absorb it. This might occur 
if these effects take place whenever the quantity absorbed exceeds a 
certain level and then are not aggravated by any additional absorption. 
Suppose, moreover, that an individual is able to protect himself from the 
damage by some sort of measure involving a Axed expenditure (air 
conditioning, by daily ingesuon of an antidote pill, or by wearing a gas 
mask) The externality is then, obviously, separable locally (£,j « 0 
except in the vicinity of x, = 0, or Xj = 0) Moreover, since the cost can 
be avoided altogether only by suicide, the nonseparable portion of the 
function can be taken to be infeasible 

Zero operations may also not be feasible for a firm, notably for a pubhc 
utility which IS required by law to supply a given service even though it 
would prefer to exit from that line of activity (message telegraph and 
passenger railroads arc well-known examples) If such a firm is either the 
victim or the generator of a locally separable externality, that externality, 
too, may be strictly separable thoughout the feasible region 

In sum, It IS indeed possible to think of all sorts of cases that approximate 
separability to one extent or another, but plausible and significant 
illustrations do not seem easy to come by 


V. Relevance of the Separability Issue 

As was already noted, the concept of separability was first applied to 
externalities by Davis and Whmston in order to characterize the 
circumstances in which marginal damage costs arc, at least in principle, 
comparatively easy to determine They pointed out that where externali¬ 
ties are inseparable, the magnitude of the emitter’s rtutrgtrutl damage is 
beyond his control since it dejjcnds on the behavior of his victims 
Consequently it is difficult to decide on the magnitude of a tax on 
emissions if that tax, on good Pigouvian pnnciples, is to be set equal to 
marginal damage But where externalities arc separable this difficulty can 
be avoided ^ 

This exception obviously holds equally for externaliucs that are 
separable locally, especially where they arc separable almost everywhere, 
as they are in the illustrations of Section III Thus, the implications of 
this note for the Davis-Whinslon analvsis do not seem very substantial. 

However, the discussion is rather more pertinent for some other uses of 
the concept Recently, for example, Jolin R. McNamara in an un¬ 
published note has used it in a discussion of the convexity impIicaUons 
of externalities, arguing that the tendency of externalities to introduce 

* Duiansky and Kalman (1972) have recently argued that the clao of cases which 
escape the difficulty u considerably broader than Davu and tVhinsion (1962) suggested 
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nonconvexities into the production set applies only in the nonscjiarable 
case.^ The connection between detrimental externalities and non- 
convexity IS easy to illustrate m the case of a linear technology. Suppose 
the producuon set is composed of the points that satisfy 

Xi <. a - bx^ + E{xyt *j), Xj 0, Xj ^ 0 (11) 

Then, if there were no externality so that £'(xj, Xj) ss 0, the production 
frontier would be linear and the production set obviously convex. Next, 
suppose instead that the externality is present and detrimental, so that for 
any feasible x^, x^ E{x^, x^) ^ 0 Let x*, xj be some point on thefrontm 
at which the externality is nonzero so that 

E(x*. X*) < 0 (12) 

Let L denote the line segment given by x^ = a — fcxj, x, S 0, Xj ^ 0 
Bv (2) and (II) the points (0, a) and {ajb, 0) (i.c , the two intercepts of 
line L) he in the piossibility set as well as in L and by (2) are also the fixed 
intercepts of the possibility set (II) The nonconvexity then follows from 
the fact that there must be some point on L between these two points 
which does not he in the possibility set. For since (x*, x*) lies in the 
frontier of that set, for any point (x*, Xj) in that set wc must have 
Xj ^ X* Therefore there is no value of x^ for which (x*, Xj) lies in the 
line L, since by (11) and (12) 

X 2 ^ x* ^ a - bx* + E{x*, X*) < a - bx*, 

which proves the nonconvexity of the production set 

Where an externality is strictly separable this argument breaks down 
because the endfxwnts arc no longer unaffected by the presence of the 
externality That is, if x, and xj are the intercepts of that fronUcr wc 
have by (la), Xj = a — bO -f £'*(0) + = o -f- E^{xi) ^ a 

In diagrammatic terms (fig I), where it is completely separable the 
presence of the externality simply reduces the production set from OAB 
to OAB', that IS, from one convex region to another However, if an 
externality is merely separable locally, even if it is separable almost 
everywhere, as in (9) and (10), the nonconvexity is unavoidable Smcc 
in this case the externality vamshes (only) on the Xj axis, point B rather 
than B' is the mtercept of the possibility frontier even when the introduc¬ 
tion of such an externality affects every other point in the production 
set. That is, the production set then becomes the nonconvex region 
OAB'B whose northeast boundary is the heavy line BB'A This may bring 
with it all of the problems of pricing and multiple maxima which can 
arise in the presence of nonconvexity' 

^ For further dneuaum of thu connection between externalities and nooconvexities, 
see Baumol and Oates (1975), chap 8 
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Fig I 


However, where the function is strictly separable in the feasible region, 
that IS, where the nonseparable portions of the set are also not feasible, 
It IS true that the convexity problem can disappiear For example, if in 
figure 1 any value of activity level Xj less than OC is not feasible, the 
production set with the externality present becomes the convex region 
CAD How important this exception is likely to be m practice, the reader 
will have to judge for himself 
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ote on Tariffs, Nontariff Barriers, and 
or Protection in United States 
anufacturing industries 
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Introducrion 

his note tests empirically whether all United States trade rcstnctioiu, 
oth tariff and nontariff, protett labor in manufacturing industries The 
eUtionship between United States tariffs and labor intensity as measured 
y cither direct labor use or labor cost has been examined by Vaccara 
1960) and Basevi (1966) This paper’s jioint of departure lies in taking 
niarijj barriers explicitly into account in a “total” measure of protection 
Due partly to the success of previous rounds of multilateral tariff 
egotiations in reducing nominal tariffs, nontariff barriers to trade have 
een receiving increasing attention in recent years from economists and 
'policymakers alike They arc emerging as a focal point of discussion in the 
current Tokyo Round of multilateral tariff negotiations As Baldwin 
motes m his study of nontariff barriers, “the lowering of tariffs has, in 
effet t, been like draming a swamp The lower water level has revealed 
all the snags and stumps of non-tariff barriers that still have to be cleared 
away (Baldwin 1970, p 2) Ohlin fl%9) has developed the thesis that 
smicss with tariff reduf tions may generate pressures on governments to 
impose new forms of nontariff barriers The increasing importance of 
nontariff barriers for the United Slates in Ixith relative and absolute 
teims has bet n nottd elsewhere by the author (Chch 1974fl. pp 328- 29) 

n. The Vaccara-Travis-Basevi Controversy 

Vatcara (1960) has found that nominal tariff rales for United States manu- 
fai turmg industries vary ptisitivcly with lalxir intensity, as measured by 
pithcr direct labor use (the ratio of average number of employees to value 

rtus note I, conden^d from my docloral disscnalion (Chch 197+*) It ronUins work 
wmplcicd prior lo my joining ihc I rcasury Board bccrelarwi of Canada 1 am greaily 
nd. bled lo my thesis supervisors, Jagduh Bhagwali and Charles Kindlebcrger, forhelpfid 
a '*"'1 Thanks are also due to an anonymous referee and to the editor 

in oil’ I am solely responsible, of counc. for any remaining 

f’lOun) haomiy, 1976, vol 84, no 71 
} 197b by 1 he Unlvemly of Uhicaao All ri,hu rarryed 
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of shipments) or direct labor cost (the ratio of total wages and salaries to 
value of shipments) This finding was confirmed by Basevi (19^). But 
in examining the relationship between effective rates of protection and 
labor intensity, Basevi obtained the following results' (<) no statistically 
significant relationship between labor intensity and effective rates of pro¬ 
tection on total value added, (it) for 1958, a statistically significant nega¬ 
tive relationship between labor intensity and effective rates of protection 
on value added by labor 

Based on V'accara’s finding of a positive relationship between nominal 
tariff rates and labor intensity, Travis (1964) has argued that the Leontief 
paradox may be caused by United States trade polity According to 
Travis, United States nominal tariffs, bv restricting labor-intensive 
imports, IS responsible for Leouticf’s finding that United States cxjxirts 
are more labor-intensive than United States imports Under free trade, 
labor-intensive manufactured irnpiorts will increase relative to the import 
of capital-intensive raw materials such as ciude petroleum, paper pulp, 
and mineral products, thereby establishing the pattern of trade according 
to United States’ comparative advantage in capital-intensive industries 

The chain of reasoning in Travis’s explanation of the Leontief paradox 
IS critically dependent on a positive relationship between a protective 
measure which restricts imports and labor intensity Basing his case on 
Vaccara’s finding, Travis therefore assumes that high nominal tariffs 
restrict imports This is where Basevi disagreed Basevi (1966) argued that 
It is effective rates that actually mattei foi protection, and since no posi¬ 
tive relationship is found to exist between effective tariff rates and labor 
intensity, Travis’s hypothesis is refuted 

111. Our Hypothesis 

In fact. It must be recognized that the relevant test for Travis’s hypothesis 
IS whether a total measure of protection, including both tariffs and non- 
tanff barriers, is positively related to labor intensity ' Since both nominal 
and effective rates of protection impinge on imports the former by dis¬ 
couraging domestic consumption of ini|X)rted goods, the latter by en¬ 
couraging domestic production—there is no cltar-cut answer as to which 
is a superior index of import restriction Both nominal and effective rates 
will be used m our empirical analysis 

Data for rates of protection arc obtained from Baldwin (1970) His 
calculations of protective rates due to nontariff barriers included import 
quotas, the American Selling Price system of customs evaluation, federal 
excise taxes, the federal transportation tax, state and local retail taxes, 
and the federal subsidy to highway transportation This is not, as Baldwin 

‘ It should be noted that Basevi (1966) included the tanff equivalent of selected quotas 
in his effective rates of protection There are, however, many other forms of nontariff 
barriers See Baldwin (1970) for a comprehensive list of nontariff distortions 
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TABLE 1 


RBOREniON Result! Rates of Protbotion on Labor Intensity 


Dependent Variable 

Independent Variables 

Labor Labor 

Constant Use Cost 


No OP 

Observations 

1 Nominal tariffs 

5.73 

0 13* 


0.10 

51 


f2 6I) 

(0 05) 





(2 20) 

(2 38) 




2 Nominal tariffs 

8 47 


0 12 

002 

51 


(3 16) 


(0 12) 




(2 68) 


(1 03) 



3 Noimnal tariffs and 

9 49 

0 07 


002 

51 

non tariff barriers 

(3 10) 

(0 06) 





(3 06) 

(103) 




4 Nominal tariffs and 

14 45 


-008 

001 

51 

non tariff barriers 

(3 62) 


(0 13) 




(3 99) 


(-0 56) 



5 Effective tariffs 

800 

0 26** 


006 

51 


(7 15) 

(0 15) 





(I 12) 

(1 75) 




6 Effective tariffs 

1441 


021 

001 

51 


(8 49) 


(0 32) 




(1 70) 


(0 6b) 



7 Effective tanffs and 

10 13 

0 22 


0 03 

51 

nontariff barriers 

(8 09) 

(0 17) 





(1 25) 

(1 32) 




8 Effective tariffs and 

20 70 


-0 02 

0 0001 

51 

non tariff barriers 

(9 52) 


(0 35) 




(2 17) 


(-0 06) 




Soun(^8—Ratesol protrctiunin l%4constructciirrom Baldwin (1970) Laborus^ « no ofrtnpJoyeet per 
million Hollars of value of domestic shipments in 196i, I^bor cost » total wa^es and salaries per hundred 
dollars ol value of domestic shipments in 1963 (constru<teH from U S Bureau of the Onsus 

Nore—latinmted coefficients followed by standard errors and Miatistua (cstimat^ by ordinary least 
V|uares) 

• Si(fnifi<ani at level 
•• Siitnihcant at level 


poinled oui, a complete list of all nont.Tnff distortions various adminis¬ 
trative and technical regulations in customs valuation, government 
procurement policies, and regional development subsidies, for example, 
have not been included because their quantitative effects on an industry- 
by-industry basis cannot be estimated In spite of this qualification, 
Baldwin’s rates arc still the most comprehensive ones available at the 
moment 

The results of our rcgressional analysis are shown in table 1 In equa¬ 
tions (1), (2), (5), and (b), the esuinaied coelhuents for labor intensity 
are all positive, and significant in two cases, establishing a positive rela¬ 
tionship between labor iiucnsity and both nominal and effective lanff 
rates However, when both tariffs and nontariff barriers are incorporated 
into a total measure of protection, all statistical significance drops away, 
so that equations (3) and (7) reveal no significant relationship, and 
equations (4) and (8) a negative but insig^iificant relationship be¬ 
tween labor intensity and both nominal and effective total measures of 
restriction , 
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IV. Protection of Unskilled Labor 

By considering that labor is not homogencouj, an intcreitinj hypotheifa 
to test IS whether United States tariffs and nonUriff barrier! protect 
unskilled labor Lcontief (1956) has found that United Sutes export* 
contain a signifioantlv higher proportion of skiJJed worker* than OMn- 
petitive import replacement, while Kravis (1956) confirmed that United 
States export industries generally pay higher wages than import^ompet- 
ing industries These findings foim the basis of an alternative resolution 
of the Leon tief paradox By allowingfor human capital in factor intensities 
and heterogeneous labor. United States exports are skilled-labor intensive, 
and capital intensive w-hen human capital is included, conforming to the 
Hecksrher-Ohlin pattern of trade with unskilled labor being the scarce 

led Ball (1967) to postulate the hypothesis that, based on the 
Stolper-Samuelson theoietn, unskilled labor, the scarce factor of the 
United Stares, h.ive an incentive to seek protection His test of whether a 
positive relationship exists between protection and the proportion of 
unskilled laboi in each industi> is. however, unsatisfactory From the 
tffettwelanjj rales for the United Slates in 1962 provided by Balassa (1965), 
Ball chose 31 industries for which the average wage rate can be obtained 
He found rank correlation coefficients of — 568 between the effective 
tariff rates and the average wage of all employees, and — 685 between 
the effective rates and the average wage of production workers Next, he 
calculated the proportion of skilled workers (defined as professional, 
technical and kindred workers, and craftsmen and foremen) for the 20 
two-digit SIC manufacluimg industries for 1960 and compared these with 
the as'erage wage for each industry in I960 The rank correlation between 
average wage and the percentage of skilled workers is 94, while that 
betweer average wage of production workers and percentage of skilled 
workers is 932 On the basis of the high rank correlation between average 
wage and the proportion of skilled workers, Ball asserts that “average 
wage IS a fair index of skill intensity,” and since average wage is negatively 
related (in rank) to effective tariff rates, he concludes that “the 1965 
United States tariff relatively heavily protected low wage United States 
industries using higher proportions of lower-skilled labor” (Ball 1967 

p. 186) 

There are three mam objections to his procedure In the first place, 
even though average wage is highly correlated with both effective rates 
and skill intensity, this does not necessarily imply that effective rates and 
skill intensity are highly correlated Secondly, the correlation coefficients 
of .94 and 932 he found between average wage and skill intensity is for 
a higher level of industrial aggregation (20 two-digit industries) than that 
used in the correlation between average wage and effective tariff rates 
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TABLE 2 

lUauMOM RnoLti; Ratii or EwnsonoN oh 
P sKClMTAaB OF UmiULUtP Laoch 



iNDBPCMMtHT VaIUABLU 


Dependbnt VaWABLE 

Constant 

% UnskiUcd Labor 

fl* 

1 Nominal tariffs 

5^ 

0.12* 

006 


(3.29) 

(0 07) 



(1 76 ) 

(1 83) 


2 Nominal tariffs and nontanff 

6 89 

0 12 

0.05 

barriers 

(3 78) 

(0 08) 



(182) 

(1 55) 


3 Effective tariffs 

792 

0 25 

0,04 


(8 91) 

(0 18) 



(0 89) 

(1 38) 


4 Effective tariffs and nontanff 

5 74 

031 

004 

barriers 

(9 91) 

(0 20) 



(0 58) 

(1 52) 



Sources —l*«rceata||e of unikiUed labor uDikillrtl workcn defmed to loclurie operaiivM and kindred 
workers and laboren (consirucled from U S Bureau of the Census 1963) Note that (his u for I960 (tlie clcaot 
year for winch data are available) while the rates of protection are for 1964 Theconsei|ueoces of this Ug cRn 
br expected io be mtnor occupational composition remains rclahvely constant withm a short span of tune 

IVoTK — Faeirnsted coeffictenii, followed by standard errors and Mtatistics (estimated by ordinary teasl 
squares) 

• bigniftcant at 10% level 

(31 industries) The rank correlation coefficients may be sensitive to 
aggregation, and the results are therefore not strictly comparable Finally, 
since the only protective rates included in Ins study are effective Utnff rates 
with no consideration of non tariff barriers or nominal rates, his results arc 
incomplete If the intermediate produtis of a relatively low-skill industry 
are produced by an even higher proportion of unskilled labor, the effec¬ 
tive rate of protection for the industry ma> be low even if as nominal rate 

IS high 

To properly lest the hypothesis that the United Stales protects more 
heavily industries that use a higher proportion of unskilled labor, we 
proceed to examine directly the relationship between the various measures 
of protection calculated from Baldwin and the jXTccniagc of workers 
classified as unskilled on the same level of mdusinal aggregation The re¬ 
sults of regressing rates of protection on the percentage of unskilled labor 
in each industry arc presented in table 2 The estimated coefficients for 
the percentage of unskilled labor arc all positive, but statistically signifi¬ 
cant at the 10 percent level only in equation (1) for nominal tariff rates We 
can therefore conclude that while industries with a higher proportion of 
unskilled labor have higher nominal tariffs, they arc not necessarily' 
protected by effective rates or nontariff barriers 

V. Conclusions 

Our empirical results confirm Vaccara’s hypothesis that United State- 
nominal tariffs protect labor-intensive manufacturmg industries Hows 
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on Its own does not support Travis’s argument that 
Unued Ltes trfdc policy is responsible for the Leontief paradox. Any 
e^dence which ignores nontariff barriers to trade and attempts to use 
only nominal and effective tariff rates in order to establish or refute 
Travis’s hypothesis must be regarded as incomplete By including all 
restrictions, tariff and nontariff, in a total measure of protection and 
establishing that thcie is no statistically significant positive relaUonship 
between labor intensity and total measures of protection, our results 
therefore negate Travis’s hypothesis 

Finally, by taking into account variations in the skill mix of the labor 
force, we find that industries with higher proportions of unskilled labor 
are more heavily protected by nominal tariffs, but not by nontariff barriers 
or effet tivc rates 
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Import Instability and Tariffs: Some Welfare 
Implications of Price Stabilization 

Toshihisa Toyoda 

Kobe Umoerstty and Karlh Carolina Stale Umverafy 


I. Introduction 

The welfare effects of price stability and/or instability have been discussed 
by many authors Some 30 years ago, Waugh (1944) demonstrated that 
consumers could benefit from price instability Later Oi (1961) showed 
this can also be the case for producers Massel (1969) integrated these 
results and found that both consumers and producers could be better 
off by price stability if actual compensation was paid Bieri and Schmitz 
(1974) considered the welfare effects of price instability when markets 
arc noncompetitive, regulated by cither a producer marketing board 
or a pure middleman 

Recently, Heuth and Schmitz (1972), and Bicri and Schmitz (B-S) 
(1973) extended the above analyses to international trading situations 
Heuth and Schmitz, using a free trade model, showed that price instability 
caused outside a country’s border can be preferable for both consumers 
and producers B-S, using a model with monopoly power—either in the 
form of tariffs or marketing lioards—rather than a free trade model, 
showed that international price stability is preferred for an importing 
country regardless ol the source of instability when tariffs are in effect, 
but that this is not true when trade is restricted by export marketing 
boards rather than by tariffs ' This striking discrepancy between the 
two models of the welfare effects in an importing country has an important 
policy implication, in real trading situations, it is a very common practice 
to impost tariffs, and therefore stabilizing prices by buffer stocks must 
be preferable for an importing country so long as the B-S conclusion is 
correct This is particularly so for cigric ultural products, with which 
most of the authors in the literature of welfare effects of price stabihzauon 
are concerned, and to which this type of analysis can safely be applied 

My special lhanks to an unknown referee, whose penelraling comments have made my 
analysis clear and compact I also acknowledge the helpful comments of Paul R Johnson, 
Martin Bronfenbrcimcr, Tom J Grennes, and Mane Thursby 

* B-S (1974) also showed that an cxporiing country can prefer uutabiUty regardicsi 
of the type of monopoly power m trade it the source of instability is external 
{Jamal of PoUiual Etottomyt 1976, vol 84, m> 2) 
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In this note I show that if the importing country docs not have com¬ 
plete monopsony power, in contrast to the B-S assumption, it docs not 
necessarily prefer price stabihzation even if tariffs are imposed I consider 
changes in the supply conditions in the exporung country as the only 
sources of mstability, it is reasonable to disregard changing demand 
situations in tlie importing country not only because it simplifies my 
analysis but also because the demand for agricultural products is fairly 
stable compared with the frequent shifts in supply I also introduce a 
new notion of “optimal” tariffs related to price stability. 

n. Analysis of Welfare Effects 

Throughout the analysis I assume perfect competition in production in 
the importing country as well as in the supply from the exporting country 

We can assume vanous alternative behaviors of the government of 
the importing country B-S (1973) implicitly assume that the government 
has complete monopsony power and that it maximizes producers’ returns, 
that is, both profits and producers’ surplus Even if the government has 
complete monopsony power, it can also be assumed to maximize profits 
only, that is, it sets the marginal cost equal to the marginal revenue 
expressed in the domestic price However, I feel the complete monopsony 
assumpUon is very awkward and unrealisUc and reject its use for the 
following reasons First, in real agricultural trades tariffs are usually set 
only for the purpose of protecting domestic suppliers and may be below 
the “optimal” levels in the usual partial equilibrium sense Second, it is 
contradictory to assume complete monopsony power since the importing 
country’s government on the one hand is assumed to know exactly the 
changing marginal costs and therefore the changing foreign supply condi¬ 
tions, but on the other hand is assumed to assign equal probabilities for 
possible foreign supply conditions because it does not know them In the 
following discussion, instead ofassurrung that the government has complete 
monopsony power and sets different opUmal tariff rates for any sliifts in 
foreign excess supply (as in the case of B-S), I assume that in this partial 
equilibrium framework the tanff rate is given exogenously and is constant 
for any exogenous shifts in foreign excess supply 

Let me set up the model for the case in which a tariff is imposed but 
no buffer stocks are created by the government Let us consider two situa¬ 
tions corresponding to two fluctuaUng excess supplies and their prices 
Without loss of compatibility with the geometric analysis by B-S (1973), 
I consider the following linear model * 

^ Ifa quota is imposed instead of a tanff and it is allocated so as to ensure perfect 
compeUUon among quota holders, the following analysis can equally be applied (see, e.g , 
Bhagwali [1965]). 
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Situation 1 


Situation 2 


EDjut = «o ■“ *i^Ji#i 

0) 

^^ii2 = «o ~ * 1 /*tf3 

in 

ES^i = - ^0 + 

(2) 

- Po + PlPxl 

(2') 

P,.(1 + 0 = P»ii 

(3) 

Pxti^ + 0 ■“ Pm2 

(3') 

ESjii — 

(4) 

ESxl * 

(4') 


/Jo ^ fi'o (5) 


where «„/?/(« = 0. 1), and arc all nonnegaUve consUnts Equation (1) 
states that the domestic excess demand is a function of domestic price, 
equation (2) that the foreign excess supply is a function of foreign price, 
equation (3) that the domestic price exceeds the foreign price by the amount 
of the tariff, and equation (4) that the foreign excess supply equals 
domestic excess demand Equations (r)-(4') correspond to definitions 
(l)-(4) above except in the excess supply function from the exporting 
country (2'), the intercept can shift subject to (5) ^ 

For each situation we have four equations and five unknowns ED^, 
ES„ Pu. /•„ and t. If f is given, the remaining unknowns are determined 
Consequently, corresponding to every t, there will be some levels of 
quantities and prices 

Now, assume the government of the importing country assigns equal 
probabilities to P^fi and P ^2 ^tttl stabilizes them at P, = {P^i + 
through a costless storage activity * As has been shown by Heuth and 
Schmitz (1972), the net social loss (S L) for consumers and producers 
due to price stabilization is depicted in figure 1 by — dmPJ^ffj 

It can be expressed algebraically as 

S L = a.(P. - 

\o) 

= «.{(/Ji - /Jo)(l + 0/2[«.(l + 0 + PiD" 2: 0 

The government's tariff revenue can generally be expressed as 
[tj{\ + t)]PM^x Therefore, the difference between the gams and losses 
in tariff revenues due to price stabilization (R G ), that is, jklP^ + 

^ Wr have also analyzed the utuation in which fio and/or /t, may shift and obtained 
essentially the same results In this case, however, the market u not necessarily cleared by 
the government’s buffer slock policy and, as the referee pomled out, the government’s 
expected gam from stabiltzation should be taken into account for a ftirther mvestigauon 

* Introducing a proportional storage coal function needs only minor modifkauoni of 
algebra and does not change the mam conclusions below 
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ghiP^ - abcPy^ - def Py 2 m figure 1, can be expressed as 

=(nT/) (7) 

= «i (^0 - + «)/{2[a,(l + I) + PtV\ ^ 0, 

where ESj,i and foreign excess supplies, with tariffs expressed in 

terms of domestic prices, for situauons 1 and 2, respccUvely It is clear 
from (7) that the tariff revenue under price stability is greater than the 
tariff revenue generated from instability if a tariff is imposed and a 
shift in the excess supply function occurs, this is the B-S result 
Next, let us compare the social losses expressed by (6) with the revenue 
gains expressed by (7) Subtracting (6) from (7), we get the net gain, 

NG = - [«^(/?' - - <^)]/{4[a,(l + 0 + P,V], (8) 

which can be negative m contradiction to the B-S conclusion cited in the 
previous section The sign of (8) critically depends on the value of t 
Assummg fig > it is seen that the net gain after an actual compensa¬ 
tion payment from the government to consumers and producers becomes 
positive, zero, and negative according to: 

t $ 1 


(9) 
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Therefore,« 1 i* the critical value of the tariff rate for diicriminating' 

positive and negative net gain* in the importing country. It should be 
noted that thi* critical point does not depend on any underlying param¬ 
eters, although It does depend on the assumption of linearity. 

What is the “optimal’’ tariff policy in this situation? Here, the t^timal 
tariff is defined as the one which maxunizes (8), the net gam in the im¬ 
porting country attained after the government has stabilized prices and 
made an actual compensation to consumers and producers. This is quite 
a different notion of the usual optimal tanff which docs not take price 
stabilization into consideration. Differentiating (8), we find 

d(N G )ldt > 0, for t ^ 0 (10) 

That IS, the net gain is a monotone increasing function of 0) and 
therefore a unique maximum cannot be attained, the larger the value of t, 
the greater the net gain Therefore, no optimal tariff pohey exists in this 
case, provided that there is no tariff redundancy 

The above analysis shows that the importing country can benefit net 
positive welfare only by imposing more than 100 percent tariff rates 
Therefore, under usual tanff rates of less than 100 pierccnt, the importing 
country prefers price instability to stability Note that 1 have assumed 
no prior knowledge of the foreign excess supply conditions, in contrast 
to the B-S case If prior knowledge of them is available, we can of course 
attain the usual unique optimal tanffs corresponding to given foreign 
supply situations Also note that our analysis above assumes a competitive 
foreign supply and therefore that there are no governmental interventions 
or counterpolicics on the export side * 


III. Conclusion 

With particular reference to trade in agricultural products, I have analyzed 
some welfare effects of price stabilization by the government of an im¬ 
porting country In contrast to the B-S analysis, I have assumed that 
the importing country has no complete monopsony power tanffs arc 
imposed only for the purpose of protecting a small domestic supply and 
the tariff rate is pven exogenously 

The net gain of the importing country, after the governmental com¬ 
pensation payment, is positive if the tariff rate is greater than 100 percent 
However, if there is no tariff redundancy the optimal tanff rate does 
not exist, since the net welfare gam is a monotone increasing function 

’ Assuming that the government of the exporting country has complete monopoly 
power and sets the marginal revenue equal to the marginal cost, we can also show 
algebraically that the importing country prefers pnee instability to stability 
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of tariff rate Under usual drcumstances, with less than 100 petvent 
tariff rates, the importing country loses in net welfare by stabilisation and 
therefore prefers price instability to stability 
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The Leff Conjecture: 
Some Contrary Evidence 

John R. Hanson II 

Texas A ES M Vnamaty 


In a recent issue of this Journal, Leff (1973) attributes the failure of 
rxport-led development to occur in nmetccnth-ccntury Brazil to the slow 
growth of exports, especially in per capita terms, and to the small share 
of exports in Brazilian national product Leff speculates that during the 
same period other less developed countries (LDCs) failed to garner 
dynamic gains from trade for the same reasons This conjecture contrasts 
with most of the existing literature, which treats imperfections in the 
linkages between internal development and the external trade stimulus 
as a main reason for persistent poverty in the Third World 

In Section I, I present estimates of per capita exports in a large sample 
ol LDCs for the years 1860, 1880, 1900, and 1913 (table I) and of growth 
rates of per capita exports in these countries during two intervals of time, 
1860-1900 and 1900-1913 (table 2) In Section II, I use the results to test 
Leff’s conjecture The periodization used here docs not correspond 
exactly to the 1850-96 and 1897-1913 pienods on which Leff focuses, in 
pan because a sufficient quantity of data going back to 1850 is not 
available Also, Leff’s periodization of the nineteenth century is based on 
residuals from trend equations estimated for a particular country, Brazil, 
and may not be applicable to other LDCs It is sufficient that the esti¬ 
mates span a long jjcriod of time, be widely spaced chronologically, and 
fjcrmit subdivision of the whole period into reasonably homogeneous 
segments For purposes of brevity and in keeping with the spirit of Leff’s 
article, the analyUcal discussion focuses on the period 1860 -1900 


I. Data 

Most of the cxfwrt data are taken from a remarkable but apparently 
little-known source, the Statislual Abstract of Foreign Countries, published 
in 1909 by the United States Department of Commerce and Labor The 
Abstract contains time senes of export values for 60 countries dating back 
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.1. half of the nineteenth century. These Omc senes 
in some cases to the reports of the countries 

.ca..oi. w..h fomgn SOV^rnmenn 

surveyea, ai emblems such as the proper conversion ratios of 

Z«^71ZZZ,c Un„«l S,..« doll.,* S.„» .he .s ho. 

comDrelicnsive, Hanson (1972), a staUstical survey of nmetcenth-century 
LDC trade, has bten used to supplement it For the year 1913, the export 
data are taken fiom Yates (1959) All data are fo b 

Most of the population data are taken from the list given in Zimmerman 
(1962) Tlitse data, vsliith pertain only to Latin America and Asia, were 
compikd b> Ztmiiierinan and his associates from various sources and 
stand up well to tonsistcncy checks Foi example, Zimmerman places 
Colombia’s population in 1860 at 2 3 million people, which is close to the 


2 imlJion hgurc for 1850 given by McGrcevcy (1971) Furthermore, 
totals ol Zimmerman’s disaggregated estimates for Asia and Latin America 
are within the maigins of error of the aggregate estimates for these regions 
presented in Durand (1966) However, for China’s population I used 
Durand's estimates and for British Guiana, Egypt, and Jamaica, which 
aie not listtd bv Zimmerman, other secondary sources listed below ' 
Betausf of the lack of reliable population data for most of Africa, only 
one country from this region, Egypt, ts inrluded in table I However, 
Dm and gives aggiegatc population estimates for sub-Saharan Africa in 
the nineteenth century, and, in order to gam at least a rough impression 
of the degree of involvement ofTropical Africa in trade during this period, 
I have used his “medium” estimates in conjunction with the comprehen¬ 
sive export data in Hanson (1972) to calculate per capita exports for that 
region in 1860 and 1900 The results of these calculations are presented 
in table 1 but are not included m subsequent statistical comparisons, 
even though, taken at face value, they would strengthen the argument 
Whenever possible, 3-year averages of the export data centered on the 
benchmark vears were used in computing the per capita figures When a 
singlc-ycar export figure was the only one available, the estimate utilizing 
that figure is denoted in table 1 by parentheses I have not followed Leff 
in deflating the export data to estimate long-term trends in the income 
terms of trade Price indexes ol imports are available for too lew tropical 
countries to make this procedure feasible, and it would be jxiintless to 
adjust most or all of the countries surveyed by the Imlah index of British 
export prices, as Leff does for Brazil, since international comparisons 
would not be affected Also, presenting the data in unadjusted form gives 
the estimates greater flexibility fer other scholarly purposes 


’ See Mandle (1973), Ksawi (1961), and Eisner (1961) Also, the per capita export 
figures for Ceylon and Colombia are taken directly from Lim (1968) and McGrcevcy 
(1971) 
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Ful Capita Expoati, Srixoted Coinmun, 186&-1913 
(3-YBAJt AVCBAOU, in DOLUUtf) 



1860 

1880 

1900 

1913 

Central America 

Costa Rica 

(15 00) 

n a. 

25 00 

(33 33) 

Cuba 

(19 07) 

n^a 

33 13 

(65 55) 

Guatemala 

(190) 

n.a 

(7 50) 

(7.78) 

Honduras 

(1 50) 

n a 

(11 80) 

(8 34) 

Jamaica 

12 22 

10 69 

13 54 

(12 63) 

Mexico 

n a 

2 59 

254 

(5 34) 

Nicaragua 

(0 751 

n a 

560 

(13 34) 

Puerto Rico 

(9 16 

n a 

(14 in 

n a 

South America 

Braeil 

5.90 

7 17 

894 

CM 

British Guiana 

46 00 

51 25 

27 03 

n.a 

Chile 

1356 

22 17 

21 03 

(41 43) 

Colombia 

360 

840 

4 10 

(5 80) 

Ecuador 

(3 00) 

(4 63) 

856 

(16 00) 

Peru 

(9%) 

(7 14) 

566 

(9 77) 

Uruguay 

17 80 

27 61 

35 89 

(65 45) 

Venezuela 

Asm 

3 38 

700 

8 74 

(12 18) 

British India 

0 63 

1 06 

1 26 

(2 73) 

Ceylon 

7 78 

5 83 

9 72 

(18 95) 

China 

0 18 

0 24 

0 29 

n.a 

Indonesia 

1 77 

2 47 

2 53 

(561) 
(5 74) 

Philippints 

(2 00) 

3 62 

2 67 

Thailand 

Africa 

1 00 

1 32 

2 24 

(5 18) 

hgypt 

(3 49) 

1000 

8 12 

(13 08) 

Tropical Africa 

(0 33) 

n a 

(1 80) 

n a 

Mian textiudiiig Tropical Africa) 

8 17 

10 19 

II 30 

(18 04) 
(12 52) 

Median (excluding Tropical Africa) 

360 

700 

8 74 


SomcEs — Spr Icxi 

^ "" 1901, for Oolomb,. .nniul a.rr^. 

/Oij y, 79, l«9j tot * *»RUIT IS J-yrar averajfr rrnirrcd i»n IB64. for Vctirntcia 

form^ono mmo'Vo'T "r"i f"''U'vlon, ■miu«l avoraBri for iloca Jc I8GO-69. ltMO'«9 

I9(K) 1909 I MO I I for Utm« liril liirurc 1, i-yo«r avoram-cmirroO on lots, for IiMlot>«>a 1060 ripun 
‘loiV™"' C®'®' 0, »nrl for IhaiUnd hm liRvirr is J.ytar ascraur railomi on 1^ 

hil'i'oSy^ <'®’' ■ •' Parrnll.™, nir.n cnmalr i. for year al column 


11. Brazil in International Perspective 

t^n one reading, ihe evidence in tables. I and 2 is inconsistent with lacff’s 
conjciture Faking the level of per capita exports as a proxy for the share 
ol cxpoits in national product, Brazil was merely an “average” LDC 
according to table 1 Per capita cxptjrts in Brazil were at or above the 
median of the sample in 1860, and 1900, but lielow the mean at 

lach of those dates According to table 2, the Brazilian ratt of per capita 
expori growth was below the LIX' average no matter whether tlic mean 
or median is taken as the standard of comparison 

However, if table 1 is read in relation to table 2, an interpretation more 
favorable to Lcff is fxissiblc Only three countries with high per capita 
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TABLE 2 


Annual Avbraos Growth Rats or Per Capita Exports, 
Selected Countries, 1860-1900 and 1900-1913 



1860-1900 

1900-1913 

Central America 

Costa Rica 

I 3 

22 

Cuba 

1 4 

59 

Guatemala 

35 

0.3 

Honduras 

53 

-2 5 

Jamaica 

0.3 

-0.5 

Mexico 

n a 

59 

Nicaragua 

5 1 

69 

Puerto Rico 

1 1 

n a 

South America 

Brazil 

I 1 

24 

British Guiana 

-1 3 

n a 

Chile 

1 1 

54 

Colombia 

03 

2.5 

Ecuador 

26 

49 

Peru 

-1 4 

43 

Uruguay 

20 

48 

Venezuela 

2 4 

1 8 

Asia 

British India 

I B 

62 

Ce>lon 

06 

69 

China 

1 2 

n a 

Indonesia 

09 

63 

Philippines 

07 

6 1 

Thailand 

20 

62 

Africa 

Eg>pt 

2 1 

37 

Mean 

1 6 

40 

Median 

1 3 

49 


Source — I abir 1 


exports in 1860 subsequently achieved a rate of per capita export growth 
higher than Brazil’s These are Costa Rica, Cuba, and Uruguay British 
Guiana and Peru exfjcnenced a decline in per capita exjxirts, and in 
Jamaica per capita expiorts were virtually stagnant On the other hand, 
several countries, such as Honduras and Nicaragua, experienced rapid 
export growth but began the period with low expiorts pier capita The same 
IS probably true of many countries in Tropical Africa ^ For the complete 
sample of LDCs (excluding Tropical Africa) the Spearman coefficient of 
rank correlation between the rate of per capita expxirt growth between 
1860 and 1900 and the level of pier capita exports in 1860 is —0 48, 
which IS significant above the 0 05 level 

The point may be stated summarily An analysis of growth failure that 
IS based on a low rate of per capita expxirt growth and a small expiort 

* The tugar islands of Reunion and Mauritius probably are exceptions to this statement 
These islands were similar to parts of the Canbbean in many ways and probably had high 
rauos of exports to national product and low rates of per capita export growth 
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sector is probably not applicable to most tropical countries before 1900 
It is likely, however, that most LDCs had at least one of these character¬ 
istics Even this weaker statement is sufficient to establish the presumption 
that, regardless of internal conditions, significant economic development 
would have been difficult if not impossible for the less developed coun¬ 
tries to achieve through expanding exports in the second half of the 
nineteenth century. 


References 

Durand, John “The Modern Expansion of World Population.” Pm. Ammem 
Philosophical Soc. 110 (November 1966) 136-59 
Eisner, Gisela Jamaica, 1830-1930, A Study in Economic Growth Manchester. 
Manchester Univ Press, 1961. 

Furmvall, John S Netherlands India London Cambridge Univ Press, 1939 
Hanson, John R., II The I9ih Century Exports of the Less Developed Countries. Ann 
Arbor, Mich Univ Microfilms, 1972 

Issawi, Charles “Egypt Since 1800 A Study in Lop-sided Development ” 
J Eton Histaiy2\ (March 1961) 1-26 

Leff, Nathaniel “Tropical Trade and Development in the Nineteenth Century 
The Brazilian Experience " J P E 81, no 3 (May/June 1973) 678-96 
Lim, Youngil “Trade and Development The Case of Ceylon ” Eton Development 
and Cultural Change 16, no 2 (January 1968) 245-60 
McGreevey, William P An Economic History of Columbia, 1815-1930 London 
Cambridge Univ. Press, 1971 

Madfiison, Angus Class Structure and Economic Growth New York Norton, 1971 
Mandle, JayR The Plantation Economy Philadelphia Temple Univ Press, 1973 
U S Department of Commerce and Labor Statistical Abstract of Foreign Countries 
Washington Government Printing Office, 1909 
Yates, P Lamartine Forty Years of Foreign Trade New York Macmillan, 1959 
Zimmerman, L J “The Distribution ol World Income, 1860-1960” In Essays 
on Unbalanced Growth, edited by E De Vrics The Hague Mouton, 1962 




A Note on Risk, Return, and Equilibrium: 
Empirical Tests 

Menachcm Brenner 
The Hebrew Umutrniy, Jtrusedem 


In their rigorous empirical testing of the two parameter model, Fama and 
MacBeth (FM) (1973) use the cross-sectional regression 

^p( ~ ^*01 "h ^ie0p>t~i ^pi (1) 

for each month t of their “testing period,” where 7?^, and arc, 

respet tively, the average rate of return and systematic risk across 
securities in portfolios The time series coelTicients of (1) are used for 
testing the two parameter model, where “the least-squares estimate Jo, 
can always be interpreted as the return for month t on a zero-^ portfolio” 
(FM 1973, p 626) ' 

In this note we test the empirical validity of this claim The results of 
this lest may have implications for some tests conducted by FM and for 
tests of capital market efficiency that use %, as a second market factor 
In the context of “market models,” the coeflkicnt is interpreted as a 
market factor (in addition to R„,) that makes up the “two factor market 
model” ^ 

Rp. = ?o,(l - 0p) + + flp, (2) 

I his model became increasingly popular among researchers that test 
inaikel efTicicncy (eg , Ball 1972, Jaffc 1974, Mandelker 1974) 

To test ^0 = 0 estimate 


a ^ S, (%, - hHfj., - /?J 

I, 


(3) 


where the fo,’s arc obtained from (I)* and the /f„,’s arc the Fisher 
Arithmetic Index returns This estimate was computed for the entire 


r dni mdeblrd to Ainir Bariica, Dan Galai, Seymour Smidt, and an anonymous referee 
for their helpful comments Die cominc nls of Dan Dalai and ihi anonymous referee have 
cubstantialfy improved the relevance of this note 

' Inn IOFMcxplainthatlhel?aproperiyorfa,rollovvsrrom^hetiai^Markov rheorrm 
’ tM arnve at (2) using ihe regression propeny fo, = /{„ — but, /<,, = 

and s= 1 Thus, f,, = /{„, — -Jor, which thiy subslilutc in (1) to obtain (2) 

’The foj’s were kindly provided by i-ama and MacBeth 
[Journal of Fromtmy^ I976» vol no 2| 

O 1^76 by riic Univemty of ChtCB(u AU rifhts 
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TABLE 1 

Pq ron. THE FM Puuotis 



1935- 

1935- 

1946- 

1956- 

1935- 

1941- 

1946- 

1951- 

1956- 

1961- 


6/68 

45 

55 

6/68 

40 

45 

50 

55 

60 

6/68 

fio 

139 

113 

238 

168 

134 

026 

276 

113 

075 

177 


4 59 

2 23 

4 76 

2 77 

1 94 

0 33 

4 03 

1 61 

2 53 

2 16 


penod January 1935-June 1968 and for all subperiods tested by FM 
Table 1 provides the values of jSg and the corresponding t statistics * The 
results in table 1 suggest that we reject the hypothesis j8q = 0 is 
piositive m all periods, and eight out of 10 estimates are sigmAcant The t 
values are large for the overall pieriod (4 59) and for all three subpenods 
in the long subperiod breakdown (2 23, 4 76, 2 77) Though significantly 
different from zero, the size of 4o rather small (m the overall period 
^0 = 139 compared with ^ = 1 for the average secunty) 

These results have some implications for the FM tests The tests on 
?, = — ^0 > 0 strengthened A > makes R„ — 9o biased 

downward Therefore, the hypothesis of positive expected return-risk 
tradeoff is supported more strongly than if were truly the return on a 
zero-^ portfolio The results of the tests of the Sharpe-Lintner hypothesis 
using jg = TJy are somewhat biased upward A more appropriate test 
would be ^g — where the bias due to ^g > 0 is corrected 

This correction would reduce the deviaUon of from R^, but this 
reduction may be small due to the small value of ^g Thus the mam 
conclusions about the Sharpe-Lintner hypothesis may not be seriously 
affected 

A more impiortant consequence of these results is the bias introduced 
in tests of market efficiency when the “two-factor market model” (2) is 
used For < 1 the residual = R^,, — R^,) is biased downward, 
while for > 1 the residual is biased upward The size of this bias is a 
function of |1 — ^g| and it may seriously affect these tests 

Finally, the results here are interesting for what they imply about the 
way change through time In the FM tests )>g, is the return on a 
jxirtfolio constructed from the 20 portfolios used by FM The of the 
20 portfohos are weighted in such a way that ^g, has ^g = 0 (by the 
Gauss Markov Theorem) But, the P^ arc based on data for period t — 1 
and not period t Thus )>g, is the return on a =0 portfolio only if p^, 
remain unchanged from penod to period The results here indicate that 
Pp change m such a way that when the ^g of )>g, is computed it turns out 

* An assumption of stationanty is implicit in the estimation and interpretation of these 
atatutics 
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to be slightly but consistently positive. The implied change in is of the 
tendency toward one nature. For > 1, and for /?,<!, 

The imphcanons of the finding that of %, is not zero can be 
summarized as follows: (1) Has a limited effect on the FM teats; (2) may 
be of importance for testing market efficiency, (3) tend, over time, 
toward the average value of 1.0 
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VMiscellany 

Toward a Deeper Economics of Sleeping 


Exhaustive study of Professor M. A El Hodiri’s tedious, yet cunously 
superficial analysis of the economics of sleeping has led to a powerful and 
remarkably boring reformulation of Hodiri theory * 

As Hodin astutely observes, it is difficult to deny that a sensible man 
would seek to maximize U{x,y) = x^y where x is daily consumpuon and 
y IS the fraction of the day spent in bed Hodiri supposes that daily con¬ 
sumption equals daily income, which in turn equals the daily wage rate, 
w, tunes the fraction of the day one spends out of bed ^ Hence x — 
a'(l — y] But then U — w^{\ — y)^y By substituting all real numbers 
between zero and one into this expression, the reader will quickly verify 
that U IS maximized when^ = i Thus Hodiri asserts that, regardless of 
the wage rate he receives, a sensible man will sleep ^ x 24 = 8 hours 
per day 

Had Hodiri been more deeply embedded in the profundities of economic 
literature, he could hardly have closed his eyes to the abundance of 
platitudinous evidence that some reap who do not sow This fertile 
observation makes two things obvious One is that the Hodiri equation, 
X = tti(l — .y), must be replaced by x = ui[(l — y) + {Rjw)] where R 
IS daily earnings from nonlabor sources The proper subsUtution for 
U = x^y IS then U = w\\ — y + {Rjw)\^y Consequently, U is max- 
unizcd whenjy = ^[1 -f- [Rjw)] This inescapable truth would appear to 
lend Hodiri theory all to pieces How can it be that sensible men have 


' Jt would be difficult to underestimate the importance of £1 Hodin's contribution m 
tndbhng the author to achieve these heights of pedantry Histonans of thought could no 
doubt find many weansomr parallels m the advance of science Though X do not presume 
lo have mounted the shoulders of a giant, I hope that 1 have trod gently on the toes of 
H Hodin 

^ Professor J T laittle of Washington Umvcmity, bi LiOuis, in an unpublished note, 
rnaintaim that not all time out of bed u spent in productive labor However, there is 
reason to suppose that Little's observations have been confined to a pathological sample 
of the labor force 

\Journai of f^oluuai heortomy, 1976, vol B4. oo 2) 

(Tj 1976 by Ihe Univemty ckT Chicago All rlgba merved 
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always slept 8 hours unless Rfw has always been both constant and 
zero^ 

Resolution of this fearsome paradox will display once again to the jaded 
reader the beauty and the mystery of Economic Fairyland Observe that 
the source of nonwage income is called “capital.” Where r is the daily 
interest rate, K is the stock of capital, and A^is the size of the labor force, 
the average daily nonwage income is R = rKjN Then Rjw = (1 — y) 
rKj{\ — y)wN Since total daily labor income is (1 — y)wN,rKj{\ — y)wN 
IS the ratio of capital’s share to labor’s share of national income, which is 
well known to have been remarkably constant over time and is in fact 
equal to ^ Hence in all historical epochs, the average value of Rjw has 
been (1 — y)i Recalling that ^ = ^[1 + {Rjw)], making the appro¬ 
priate substitution, and solving for^, we havcj* = Now ■jV x 24 = 
9 231 hours Thus have we elegantly vindicated Hodin’s tiresome “first 
law of soporifics,” namely, “In all ejxichs the average man has spent the 
same amount of time in bed ” 

There remains a yawning chasm between Hodin’s banal “second law 
of soporifics” which is “most people sleep 8 hours a day” and our 
unassailable demonstration that the average man has always spent 9 231 
hours per day in bed As in the science of astronomy, the existence of the 
planet Pluto was first conjectured as a consequence of a remarkable 
deviation of planetary orbits from those predicted by pure theory, so must 
we conjecture that the average man spends 1 231 hours per day in bed 
doing something other than sleeping I eagerly await the announcement 
that some penetrating theorist or tireless data-massager has actually 
discovered Activity X 

T C Bergstrom 

Washington University 
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Equilibrium and Dtseqmlibnum. A QuanitUiUet Analysts of Etonomtc Interaction. By 

Michael Allinoham 

Cambridge, Maas. Ballinger Publishing Co, 1973, Pp xi+16I $15.00 

This book IS not quite what it seems Its first part consists of a theoretical general 
equilibrium model, which is claimed to embody “a fundamental reformulation 
of the concepts of station and movement—or equilibrium and disequilibrium" 
(p 3). This reformulation is then applied to a model of an actual economy, and 
finally the empirical results are surveyed and appraised However, it soon be¬ 
comes apparent, and is confirmed in the preface, that the econometric model came 
first and that the theory which it illustrates was developed later Of course this 
IS not necessarily an invalid way of going about economic research, but in this 
case neither are the theoretical innovations of the first part very startling nor is 
there much relation between them and the model of the second part In fact 
any econometrician, on examining that model, would be surprised indeed to leam 
that It represented a fundamental reformulation of anything, since it is a verv 
respectable piece of conventional empirical work 

Consider first the basis for Allingham’s dissatisfaction with standard general 
equilibrium theory. There are two main charges The first it that equilibrium 
IS defined independently of any notion of stability He claims (p 11} that in fact 
“one cannot validly even define equilibrium in an economy without at the same 
time defining stability ” This is obviouslv wrong, esjx-cially as “defining stability" 
means specifying the actions of agents in all circumstances The great attraction 
and comparative simplicity of equilibrium analysis is that it is logically self- 
consistent without having to ask what happens out of equilibrium The real target 
should be the hopeless inadequacy of Walrasian stability analysis Until it is 
possible to do without tdtonnement, or rccontracting, there is no chance of ever 
relating theoretical models to the interesting and crucially important disequilib¬ 
rium problems of the real world Sadly, Idlormement is one aspect of conventional 
theory that Allingham cannot do without 

1 he second objection to standard theory is that it assumes perfect competition, 
although the complaint ts never stated in that precise form It appears when it 
IS assumed that the variables which describe an agent’s environment need not 
be exclusively price signals and that his choices do not consist entirely of quantities 
supplied and demanded It appears too when he condemns the Walrasian tdUm- 
nemenl process for the artificial device of an auctioneer to change prices, although 
the force of this criticism is lessened by the inadequacy of the tdtonnmunt process 
it.sLlf There arc, of course, well-known problems in introducing noncompetitive 
behavior into equilibrium analysis, some of which are not considered For example 
II appears (p 12) that while an agent can observe, say, the actual quantities 
demanded by other agents he is allowed no idea of their demand functions— 
nor IS there any scope for Icarmng It is apparent that Allingham throughout has 
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.r„n„ation nor computational ability 1* complete; 
in mind a world where careful about hiB assertion that in his model 

in that case he needs lo be ratn explained by the independent 

“the formation of (p 7) if he wants to say more than that 

optimising behavior J , 5 ^hat they do. So although the approach is 

LTeTenJrr.'^Zwflra^an t.t—t it does no. seem to contribute very much 
to the two central problems of disequilibrium trading and noncompetitive 

'however the core of the book is the econometric model This is a quarterly 
model of the United Kingdom from 1956 to 1966 Production is di\nded into ten 
“industnes,” consumption into four categories, and traded goods into two, so 
that it IS reasonably disaggregated The postulated functional forms arc all quite 
simple, as all nonlineanties arise as ratios The various equations for consumption, 
investment, inventories, and so on take little account of the sophisticated econo¬ 
metric work that has been applied to them However, “its main purpose is to 
present a tested methodology for this tvpe of research, rather than to answer 
more specihc questions” (p 131), so that one should identify and evaluate its 
departures from coinentional theory and empirical models On the theoretical 
side, the model has nothing to say about movement towards an equilibrium, 

It assumes (short-period) equilibrium to hold in every period, as indeed it must 
since by hypothesis any deviations arc notional and subject to recontract, and so 
would not be observed As for relaxation of perfect competition, it is certainly 
true that variables other than prices appear on the right-hand side of the equations, 
and to the extent that one can regard the equations as legitimate aggregation of 
individuals’ decision functions rather than equilibrium conditions, then that 
claim IS indeed met tn the model On the other hand it is a little ambitious to 
expect that “the” price of chemicals is set by the chemical industry—and that 
is one of the moie homogeneous sections It is perfectly reasonable to assume that 
an aggregate mark-up relation for price is a good predictor, but not that it is a 
behavioral relation Finally it is meaningless to assert that the equations represent 
the “independent optimising behavior of individuals” since that is neither tested 
nor testable 


Thus there is little connection between the theory of the Brst part of the book 
and the model of the second, but the model does have some interesting features of 
Its own First it is quite large There arc 79 stochastic equations, which are esti¬ 
mated by two-stage least squares Second, it pays commendable attention to 
supply considerations, both of capital and labor, in each industry However this 
leads to some disturbing features For one thing it is assumed that labor supply 
IS entirely endogenous, and further that current labor produces current output 
and current laboi, so that in principle there is no limit to employment and hence 
output, especiallv as there is no balance of payments constraint either This 
suggests that the model would be of limited use in policy making Furthermore, 
there is some confusion about the precise form of the production function On 
page 63 it is said to be linear, while on page 64 it is assumed that “profxjrtional 
utilisation of labour force and capital stock are equal,” which is a little unlikely 
if the elasticity of substitution is mhnitc There is also a difliculty about the capital 
stock term, for he uses a series which makes one assumption about depreciation, 
namely a Hxed life for each type of asset, and then in the investment equations 
makes another, namely proportional depreciation But given that the series all 
look very like time trends this is unlikely to matter much 

Overall, though, most of the estimated equations turn out with reasonable 
coefficients and seem to 6t pretty well, and there is no doubt that the model 
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IS rather better than tome to have appeared in the latt few yean. But it doe* not 
represent a fundamental reformulation, nor does it have anything to lay about 

disequilibrium 

R M WrrooMB 


Cambndgi 


Incomes Poluy and Infialten. Edited by Michael Parkin and Michael T, Sumner. 
Toronto University of Toronto Press, 1973. Pp 283 $10.00 

At a time when much of the Western world is enmeshed in the morass of high 
unemployment and politically unacceptable rates of inflation, it is not surprising 
that governments have looked to “incomes policies” as a panacea for their 
economic ailments Economists have warned that economic theory predicts that 
incomes policies are likely to have potentially costly allocative consequences, 
however, so long as incomes policies hold out the hope of tempering inflation for 
even a short period of lime, they are likely to remain in the politician’s arsenal of 
economic weapons 

This welcome volume of essays empirically examines the issue of whether or 
not the U K experiments with incomes policies have had a measurable aggregative 
effect on the inflationary process It is a useful quantitative counterpart to the 
qualitative study of incomes policies in Western Europe authored by Ullman and 
Flanagan 

The volume begins with a survey of the econometric evidence on the domestic 
consequences of incomes policy bv Parkin, Sumner, and Jones It continues with 
12 interrelated empirical studies feight of these have been previously published) 
and ends somewhat incongruously with one of Harry Johnson’s omnipresent 
“Notes,” which the editors characterize as a “bonus ” The survey recognizes 
that before any effort can be made to assess the effects of incomes policies on 
inflation one must first answer the question, “What determines the rate of 
inflation^” (p 1) Although the authors acknowledge that there is no satisfactory 
answer to this issue since “all the studies cued exhibit defects at the statistical 
level and none of them deals convincingly with the problem of simultaneous 
equation bias” (p 18), they nevertheless conclude that “incomes policv apparently 
has little effect cither on the wage determination process or on the average rate 
of wage inflation” (p 13) and that “there is no evidence that incomes policy has 
produced a consistent change in the price equation” (p 18) While such con¬ 
clusions may be seized upon by political adversaries of incomes policies, my own 
conjecture is that a reasonably open-minded policy maker reading this volume 
IS more likely to lessen his attachment to academic econometricians than to 
incomes policies 

The core of the volume is an oft-ciled paper by Lipscy and Parkin (L-P) which 
was previously published in Economua and is entitled “Incomes Policy A Re¬ 
appraisal ” With the exception of the Breckling and Smith papers which predate 
the L-P study, all of the remaining empirical essays arc essentially variations and 
reappraisals of the I.-P “reappraisal,” each focusing on a different aspect of the 
problem of evaluating the effects of incomes policy As the introductory essay 
candidly informs the reader, “Most studies of the price equation have wasted 
little time on theoretical niceties before getting down to the serious business of 
estimation.” The L-P paper lays out a useful analytic framework for indicating 
how incomes-policy effects might be delected and proceeds to estimate price and 
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pressures to reduce costs outweigh the costs of duplicated facilities in “natural 
monopoly’’ situations. The best theoretical innovation (although there is little 
competition in this area) is Smallwood’s model of the automobile insurance 
industry Unfortunately, Smallwood’s empirical work is not well designed to test 
the relevance of the model, and the remainder of his paper does not reflect the 
careful thinking apparent in other chapters of the book Certainly the best chapter 
in the volume is Eads’s study of service competition among domestic airlines This 
paper is recommended not only by the quality of its contents, but also by the 
author’s clarity of exposition. 

Any collection of articles is potentially more valuable and informative than 
the sum of its parts Insights which are difficult to gam from reading a single 
article are often more easily gleaned by comparmg and contrasting the styles, 
methodology, and conclusions of several authors This is potentially the case 
with the Phillips collection. An overview of the articles reveals a number of 
obvious similarities and differences The chapters of the book which collate the 
materials are missing, however, so the reader must be diligent or he will overlook 
the most valuable lessons of the book 

A most striking similarity in methodology is apparent among the nine published 
studies Each author follows an identical and very simple conceptual framework— 
one which I believe is useful not only in assessing the impact of changes in regula¬ 
tion but for changes in public policy in general In an effort to arrive at mcanmgful 
policy conclusions, each author seeks to identify industry performance in each 
of three alternative states of the world the current regulated state, a state with 
some form of deregulation, and an “ideal’’ state If deregulation is perceived to 
move performance toward rather than away from the “ideal,” then that form of 
deregulation is offered as a desirable policy Note that some notion of ideal 
performance, even if onattainable, is necessary in order to provide a benchmark 
for the relevant comparison between regulated and deregulated performance 
Furthermore, while the selection of an ideal level of performance is necessarily 
a normative task, each author accepts, at least implicitly, the same ideal—the 
Pareto criterion of economic efficiency 

The most difficult and crucial step in implementing this simple conceptual 
experiment is the identification of industry performance in the counterfactual 
world of less stringent regulation Geographical differences in the stringency of 
regulation or quantifiable changes in the degree of regulation over time sometimes 
provide the opportunity to estimate directly certain dimensions of the likely 
performance ol an industry under increased competition In the absence of such 
data, as is very often the case, the investigator must rely more heavily upon 
educated conjecture 1 he basis of such conjecture which predominates the papers 
in this volume is the presumed relationship between market structure and industry 
performance Empirical inquiry is directed toward determining the level of scale 
economies and the probable level of market concentration with deregulated 
pricing and entry The belief that concentration and performance are somehow 
related is certainly traditional, but this tradition is currently under attack by 
respected economists who see no bases for the belief, either in theory or in fact 
Eads, for example, implies that an airline which bad a “natural monopoly” in a 
certain cay pair market would not be able to exert as monopoly power in a regime 
of open entry because of the constant threat of potential competitors It seems 
clear that the relationship between concentration and performance is not a 
simple one, and the authors would have been well advised to consider more 
expliatly the conditions of entry, especially the mobility and specificity of the 
required capital 

Even more interesting than the sinuiarities m methodology are the differences 
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la recommendation* and policy prescription* concluded by the vanou* authors. 
Perhaps it is not surprising that the strongest appeal* for deregulation arise from 
the scholars who investigated regulatory performance in the areas of transportation 
and banlcing. Weiss and Pnmeaux are much more skeptical of the role of greater 
market competition in the field of electricity, Waverman and Mann applaud the 
efficacy and viability of recent procompetitive pohcies adopted by the FCC and 
SEC, respectively, but neither author avows that greater stndcs in promoting 
competition in these industries would be similarly apipropnate 

The potenually most interesting chapter of this volume is notable by its absence. 
That chapter would have raised some of the following questions How can a group 
of scholars, skillfully striving to answer the same question and using similar 
methodology, arrive at such disparate conclusions^ Why docs regulation seem to 
work so much better for electric companies than for airlines^ Why have the SEC 
and FCC recently adopted policies in the interest of consumers while the ICC 
remains a strong protector of its industry, even in the face of a growing variety of 
critics and social losses estimated to be a minimum of $4 billion per year? Is there 
a single “economic theory of regulation" which can encompass the wide ranges 
of often contradictory regulatory activity across all industries^ 

One reason that the pieces of this puzzle are so difficult to fit together is that 
we have been misled We have been misled into believmg that public policy 
reflects a “goal” and that this goal is something like the “public good," or, even 
more absurdly, economic efficiency Almann Phillips misleads us in his intro¬ 
duction when he says, “[TJhe economics of regulation is the economics of‘market 
failure’, that is, it is concerned with failures of the market mechanism to allocate 
resources properly and with the regulatory devices, including the use of market 
forces, that may be employed to correct for these failures ” 1 infer from this that 
the “goal" of regulation is economic efficiency If the reader accepts this goal, 
he will never unravel the inconsistencies of regulatory performance. 

Economic efficiency is the result, not the goal, of the competitive interaction of 
self-interested individuals in economic markets When this interaction doc* not 
result III economic efficiency, the market is sometimes said to “fail ” Similarly, 
public ixilicy IS the residt, not the goal, of the interaction of these same individuals 
in political markets As evidenced by the authors in this volume, political markets 
for regulation sometimes fail They not only fail to achieve a rosy ideal such as 
economic efficiency, but they also fail to do as well as alternative economic 
markets In other instances, however, regulatory performance is observed to be 
much more satisfactory The economics of regulation must be, in large part, the 
study of the causes of the success and failure of political markets 

While economists have made great advances in understanding economic 
markets, we still know little about how political markets allocate resources. 
Political markets constrain individual interaction differently than do economic 
markets A most obvious difference is that political exchanges need not be 
voluntary This may have important ramifications upon the incentives to par¬ 
ticipate m political markets, since the farmer who shuns the market on Sunday 
may And his crops have been sold just the same, and at a very low price indeed 
It IS not clear how the machinations of political markets are resolved into an 
equilibrium set of pohcies, or even that such an equilibrium exists. It is clear that 
a better understanding of the political marketplace is necessary if we arc ever to 
make sense of the apparent schizophrenia of public policy, a condition of which 
the disparate findings of these authorities on regulation are symptomatic 

Michael M Murphy 

Southern Methodist University 
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Small Open Economies. Thetr Structure and Poluy Enmromunt. By Martin F. J. 

Prachowny. 

Lexington, Mass , Toronto, and London. D C. Heath & Co , 1975 

This short and modest book is a useful one, not least because it sets a standard 
for measuring the contribution of future dissertations on the general equilibrium 
analysis of trade-and-monetary-assets models using “the small-country assump¬ 
tion” and concentrating on variations in the price ratio of traded to nontraded 
goods 

The first three chapters justify the small open economy model against P. J 
Lloyd’s argument for specific-country analysis, analyze the factor and commodity 
markets, using the increasingly popular elegant algebra developed by R W. 
Jones, and complete the model with the asset markets, including the Argy-Porter 
extension of Mundell's analysis to incorporate the forward market and the elastic¬ 
ity of expectations, and a rather rudimentary treatment of interest on public 
debt (In general, the argument skims over some of the subtleties of government 
debt and ol money as wealth ) 

The remaining three chapters deal with the standard problem of monetary 
and fiscal policies for stabilization, the most important novel conclusion to emerge 
being that, with nontraded goods and floating rates, the Phillips curve trade-off 
between temporary inflation and unemployment is less serious for a small open 
economy than for a large or closed economy, the problem of devaluation, and 
the problem of inflation coming from abroad There is a significant error or 
miUeading statement on page 111, where three cases aie given when exchange 
rate policv can be useful External inflation is a valid case, but extra international 
reserves could be acquired equally well by domestic credit restraint, and forcing 
domestic residents to save more and reduce foreign holdings of government 
debt could be achieved in many easier ways than by devaluation (this way in¬ 
volves cheating the foreigner, a point not mentioned) In fact, in this kind of 
model, as is well known, devaluation and domestic credit contraction are perfect 
substitutes in controlling the level of reserves, exchange rate and monetary policy 
can differ only in dealing with external shocks 

Harrv G Johnson 

Uniierstty of Chuago 


Irish Land and Brihih Politics Tenant-Right and Nationality, 1865-1870 By £ D 
STtELF 

Cambridge Cambridge University Press, 1974 Pp, ix-367 $19.50 

When an Ulster farmer set out to rent a farm in the nineteenth century, he did 
not approach the landlord with an offer When a landlord wanted to let a holding, 
he did not auction it off to the highest competitive bidder Between the landlord 
and the prospective tenant stood the occupier It was to him that the prospective 
tenant made an offer If the holding was worth a certain amount to this prospec¬ 
tive tenant, he would subtract the rent due the landlord and offer the rest to the 
occupier If agreeable, the occupier would pocket the sum and leave This sum 
was his tenant right, and it was guaranteed him by the custom of the country. 
The custom existed in various forms all over Ireland (though large tenants of 
prosperous farms typically negotiated leases directly with landlords). 

It IS obvious that the value of the tenant right depends on the level of rent and 
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that a competitive rent, arrived at by auction to the highest bidder, would reduce 
It to zero. Tenant right depends on landlord acceptance of less-than-compctitive 
rent It is clearly m the pecuniary inteiett of a prospective tenant to offer such a 
landlord a rent in excess of that being paid by the occupier, and in the landlord’s 
interest to accept it. What prevented such outcomes’ The answer is that threats 
of violence from the organized occupying tenantry prevented landlords and “land 
grabbers’’ from reaching such accommodation Threats and shots enforced the 
custom 

When Gladstone determined to legislate on Irish land in his first ministry, he 
concluded that the best procedure was to legalize this custom where it existed 
and to extend it where it did not Since in the latter case no prospective tenants 
were in the habit of bidding on tenant right, the solution was for courts to determine 
what a hypothetical offer might be and to award that to the occupier However, 
Gladstone failed to persuade his cabinet of the hypothetical offer idea, and when 
the bill emerged it contained instead a scale of payments to evicted tenants as 
compensation for disturbance (for reasons other than nonpayment of rent) The 
bill, which contained some other minor clauses, passed without difficulty. 

In Irish Land and British Politics, Dr Steele presents a summary of Gladstone’s 
memoranda and correspondence on the bill, the memoranda and correspondence 
ol members of his cabinet, the gist of contemporary ncwspaficr and periodical 
comment, and a selection of opinion from other politicians’ speeches and writings, 
including that of the Tory opposition The Watergate tapes are a trickle to this 
flood ol Victorian prose The prose is better, the intellectual level higher, and the 
best lines and the best minds are the politicians’, while the newspapermen pul on 
a poor show It shakes one’s faith in progress 

What IS to be learned from plowing through all these papers with Steele’ He 
does not present his work as an essay in the “high politics’’ school of Maurice 
Cowling and others, who view jockeying for place and power as the “real” 
motivation behind legislation Instead Steele takes at its face value much of the 
aigunicntation he reports Does hi view as significant findings the new light he 
casts on the role of Sullivan in drafting the bill’ Ol Lady Waldegrave in nagging 
hir husband’ Of Wallers and Delane 111 shaping Timci policy’ Steele gives us 
very little guidance about what he sees as significant in all this mass of papers He 
presents his conclusions in three pages (1) I he Land Act of 1870 was a total flop 
(2) It “did not pacify Ireland” and 111 parts “it was a monumental irrelevance” 
(pp 312-13) (3) 3>l for England the results were astounding and revolutionary 
“it was no accident . that the trickle of collectiMsl legislation passed to cope 
with the pressures of a growing industrial and urban society started to broaden 
into a stream from the yeai 1870,” toi the Irish Land Act ol 1870 had sacrificed 
“the notion that the individual’s rights of properly were indefeasible, and with 
that cherished notion the concomitant freedom of contract” (p 315) 

Nothing in the previous 311 pages prepares us for these conclusions What 
happened’ Why did the Act fail’ Did Gladstone flunk Decision Making I’ The 
third conclusion I find unacceptable as a proposition in legal history and as a 
projKBition about interventionist legislation, in any case, no piece of evidence is 
adduced in this book to support these astonishing claims 

What did Gladstone think was wrong iii Ireland, and how did he think tenant 
right would fix it’ He thought the Irish tenant wanted a share in his holding, 
which he felt the English had taken by conquest, and that the failure of law to 
define and protect the tenant’s miercsl was the cause of Irish disaffection Thu 
appears to be Steele’s view Nationality and tenant right are thus fused into one 
undifferentiated Irish protest In fact, m mid-century those people who wanted 
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national independence for Ireland had notoriously very little interest m land 
reform, and the tenants had notoriously very little interest in nationalist politics. 
No abstract legal system of land tenure commanded tenant support for its own sake: 
the tenants wanted to keep rents low The economic problem of Ireland was less 
who owned what, it was poverty It took considerable political skill to form a 
coalition of nationalist and peasant in Ireland The architects of this coalition 
understood the distinctness of the nationalist and tenant movements as Gladstone 
did not That’s why they won 

Ihere is ample evidence that Gladstone never understood how tenant right 
worked, what it was a payment for, and how its amount was determined He con- 
lessed this often (pp 121, 124, 126, 142, 250) Implacably against rent control, 
he did not see that fixity of tenure or free sale were meaningless if rent varied The 
criticisms and aiguments of his cabinet colleagues, many of which were logically 
valid and jxilitically prescient, did not deter him For example, John Bright, who 
had an accurate analysis of lush politics and prescribed the very land policy 
that eventually was successfully adopted (by the Tones), was simply told in 
Gladstonian language to shut up 

In writing about Irish matters mainly from the pajrcrs of English statesmen, 
Steele stands in a time-honored tradition To English statesmen the Irish were a 
troublesome race, prone to violence, continuously seeking independence under 
a parade of leaders from Brian Botu to Emmet and Tone, to O’Connell and 
Parnell, to Pcarse and MacDonagh (notwithstanding a few differences of aims, 
methods, perceptions, class, and religion among them) That Ireland passed 
through a dcmogiaphic, agrarian, social, and political metamorphosis in the 
ninetienth century that deserves to be called revoluiionarv was not perceived 
in the papers of English statesmen No narrative that fails to discuss these dis¬ 
tinctions and these changes can hope to tell us where Gladstone went wrong and 
why the Land Act of 1870 lailed 

Bakhaka L Solow 

Boston Cmierstty 


Income Distribution Analysis and Polutes By Jan ItNBFROKN 

Amsterdam North Holland Publishing Co, 1975 Pp 170 FI 40 00 (about 
IJS$16 75) 

Jan Tinbergen has been a leading figure in the development of economics and 
econometrics lor several decades Recently he also has been actively involved in 
Dutch social relorm politics His most recent book. Income Distribution Analysts 
and Policies, can be expected to have an important place in the income distribution 
litciaturc The book surveys some of the economics literature, presents original 
restarcii, and discusses public policies concerning the determinants of the dis¬ 
tribution of labor market income (earnings) in developed economics The analysis 
IS highly original and creative While the spi-cifics of the treatment arc sometimes 
troublesoint, the book is always stimulating 

The book surveys the literature on trends m the inequality ol individual and 
family income in developed countries The general pattern that emerges is one 
of a long-term decline in inequality, including the post-World War II period, 
although the data end at 1966 This finding, however, warrants more words of 
caution than are offered The data prior to the 1930s are few in number and of 
questionable quality and comparability to the more recent data At least m part, 
the larger inequality during the Great Depression than in the post-World War II 
period may reflect a cyclical rather than a secular phenomenon For the United 
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■ States, moreover, numerous studies mdicatmg that there has been no secular 

■ trend m inequality m the last quarter-century are not mentioned in the survey. 

■ for example, Caiiswick and Mincer [1972], Metcalf [1969], and the references 

■ therein ) 

■ The theoretical analysis begins with a survey of the literature on two major 

■ approaches to income distribution analysis The “human capital school” has 

■ focused on the supply side of the labor market and generally views the wage 

■ structure as exogenous The “education planning” or “production function school” 

I has focused on demand for different types of labor and derives relative marginal 

I products from aggregate production functions, generally assuming that labor 

i supplies arc given Tinbergen notes correctly that the two approaches have seldom 

f been combined to form a complete model of the distribution of labor income The 

I book IS devoted to a development of such a supply-and-demand model and its 

1 application to income inequality issues, including the effects of policy instruments 

The model emphasizes the roles of human capital and economic development 
for explaining inequality The aggregate supply (or quantity) of human capital 
IS represented by the average level of schooling or the proportion of the labor 
force with higher education The aggregate demand for human capital is postulated 
to be greater, the higher the level of income or the greater the proportion of 
the labor force in manufacturing The higher the level of schooling relative to the 
level of income, the lower would be the price of skill (relative wages) and the 
smaller the inequality of income This hypothesis is generally supported by cross- 
seclional regressions 

1 inbergcn believes that technological development tends to increase the re¬ 
lative wages of the educated and therefore income inequality “unless a deliberate 
effort be made to direct technological innovation to more labour-intensive methods in 
the sense of their requiring more labour of low education level” (p 117, italics in 
original) He therefore views the observed time series and cross-sectional pattern 
for income inequality as the outcome ol a “race” between technology (income, 
development) and education—a race that education appears to have been “win¬ 
ning ” Vet, this view requires assumptions about th< skill neutrality of technical 
change 10 which his tests do not direcilv relate Noi docs he inquire into the 
efficiency implications of his policv recommendation 

I’he analysis of the relative supply of high-level manpower uses a utility func¬ 
tion A household's utility (W,) is postulated to be a fund ion of its lev el of income 
(Jf,), the education level “lequired” for the job held by the household head (^,), 
and the squaied difference b< tween the required schooling level and the actual 
schooling level in the job of the household head [(j', — f])^), where If') = 
ln{Xi + CgSj 4- C|(S, — f^()^) After assuming that all households have the 
same utility, A.V is effectively rcgicsscd on AS and A(5— f )^ for grouped data to 
estimate the coefficients of the utility equation Note that the utility function, 
which IS viewed as a supply relation, implies decreasing marginal utility of income 
It IS not surprising then foie that optimal income inequality in the model implies 
less inequality than cuircnilv exists 

Tinbergen is candid, howivcr, conteining his views on iitilitv functions 
“Despite all inequalities a hard core of‘fundamental equality’ remains as has 
always been felt by religious and political idealists A more down-to-earth 
interpretation ol this 'fundainciilal equality' or ‘equivalence’ is also conceivable 
the fact that each human being is a niernbci of the human race in contradistinc¬ 
tion to other living beings What is added in this study is a concrete niathemalical 
expression of ‘fundamental equality’ or ‘equivalence’ by postulating that the 
utility functions of all human beings have the same mathematical shape and the 
same coefficients Our positive suggestion consists of adhering to the definition 
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that equity stands for sfuei w^mfartH uiffukels" (pp. 129-30, italics m onginal). 
Thus, he combines his normative and positive economia. 

This reviewer, and most economists, believe that at most ordmal, but not 
cardinal, measures of utility could, in principle, be generated for households, 
and that intcrhousehold utility comparisons are not meaningful Tmbergen is 
aware that his utility analysis will not be well received; “No doubt the greatest 
controversy about this book will concentrate on this issue It would not be diffi¬ 
cult, even for this author, to write a convincmg and killing cntique and many 
such reviews shall be wntten” (p ISO) 

The discussion of the relative demand for labor inputs distinguishes "between 
the schooling normally required for the execution of a given productive task and 
the acltul schooling of the person engaged for that task” (p. 80, italics in original) 
The input into the aggregate production function for schooling level 1 is not the 
number of persons with that schooling level (4),) but (!>,, + Djitltsii where 
0,j IS the number of persons m job i with schooling level j {i = 1,2 and j = 1,2), 
n,j IS the productivity ratio between persons in job i with schooling^ {flu is by 
definition equal to unity) and 41 , = 4>,, + 4)j, The rationale for this innovative 
attempt to bnng quality dimensions into the production function is that “the 
produciivily of an individual with an education level not intended for the job 
will differ from the productivity of an individual with an appropriate level of 
education for the job considered” (p 82) 

One problem with this approach is that Ihe magnilude oi flj, and the division 
of4i, mto4),, and 4>j i are both endogenous to the production process In addition, 
if all persons in education 1 are perfect substitutes for each other and workers are 
paid their marginal products, competition would force 1121 = 1 ^^'^*11 ®ii 
persons arc not perfect substitutes on a one-lor-one basis because ol barriers to 
job mobility, mcludiog a different quality of training, they could be viewed as 
separate factors Or an explicit measure of the quality difference could be in¬ 
cluded ui the analysis These issues are not raised in the book 

An important parameter in a suppiv-and-demand model for income inequality 
13 the elasticiiy of substitution belwcen different types of manpower. Ihe effect 
of an increase m the ratio of high level to other manpower on relative wages 
IS greater, the smaller the elasticity of substitution between different skill levels 
m the aggregate production function Tinbergen discusses cross-sectional estimates 
by himself and others of this elasticity Most estimales have been obtained by 
assuming that the relative wage of skilled manpower is the dependent variable 
in the demand tunciioii and that relative quantity is an exogenous variable in the 
short run Tinbcigcii argues correctly that this is appropnale for estimating a 
short-run elasliciiy of substitution but not necessarily for a long-run analysis He 
believes that for long-run decisions “the organizers of production will start from 
their mformalion on prices of products as well as production factors, including 
those of various types of labour” (p 92), and therefore relative quanlity should 
be the dependent variable This conclusion » based on the implicit assumption 
that the long-run aggregate production function is the sum of individual firm 
production functions Although Ihe action of each firm separately is insignificant, 
the combined behavioi of all firms affects relative wages Analytically, m the 
long run both relative price and relative quantity arc endogenous vanables and 
the elasticity of substitution must be estimated using simultaneous equation 
techniques 

The empirical estimation of the elasticity of substitution between high level 
and other manpower is still an open issue Tinbergen estimates the elasticity 
across the states of the bnited Stales using indirect least squares. He uses median 
years of scfaoobng m the stale as the supply shift variable and the proportion of the 
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labor force in white«rilar tervice occupationt and transportatvon as the demand 
shift vanables. It would seem, however, that these variables should be endogenous, 
rather than exogenous, in a model designed to explain the ratio of high level 
(defined by schooling level) to all manpower. His computed elastiaty of slightly 
less than unity may be a consequence of thu simultaneous equations bias toward 
zero The Ullman result that Tinbergen compares with his own cross^tate estimate 
IS based on a two-stage procedure using cleaner exogenous variables' Ullman 
(1972) finds her data consistent with a CES production function, with an elasticity 
of substitution of 2 5 between high level and other manpower TTie higher elasticity 
implies a much smaller narrowing of wage ratios for the same policy of increasing 
the proportion of college graduates in the labor force 
The book does not share the concern of some that “too many” college-trained 
persons have entered the labor force (pp 104-5) Because he believes in price- 
rcsponsive demand-and-supply curves and that structural unemployment does 
not exist in competitive labor markets, Tinbergen secs no problem However, 
the analysis should be pushed one more step If the increased current and future 
supply of college graduates is a consequence of public subsidies for schooling, 
as he implies it should be, there may be no inefficiency in private decision making, 
yet substantial social inefficiency in the allocation of the nation's resources The 
social cost of schooling is not explicitly included in ihe model, and the implications 
of the policy recommendations lor economic efficiency are again neglected 
In summary, Tinbergen’s book contains many interesting, innovative, and 
stimulating ideas However, the review of the literature suffers from being too 
selective on some important points, and some key aspects of the theoretical 
analysis and empirical mterpretations are questionable The quality of the presen- 
laiion seems to suffer unduly from the reformer’s zeal And, the reader’s task is 
made more difficult by editorial problems the often awkward English, the fre¬ 
quent change in symbols from chapter to chapter for the same concept, and the 
absence of l-ralios, standard errors, or other indicators of staluiical significance 
for ihc coefficients in many single-equation multiple regressions Yet, for all of its 
laults, the book is to be welcomed as a thoughtful contribution on an important 
and perplexing set of problems 

B\rry R Chbwjck 

Council oj txonomic Advisers 
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Inflation Uncertainty and 
Expected Returns on Treasury Bills 


Eugene F. Fama 

Untverstty of Chtcago 


At time t — I there is uncertainty about the rate of inflation that will be 
observed between /— 1 and t, and there is uncertainty about the ex¬ 
pected values of future rates of inflation that will be assessed at t The 
attempts to identify variation through time in expected real returns on 
Treasury bills as a function of the uncertainty of the inflation rate are 
unsuccessful It is argued, however, that uncertainty of the inflation 
rate doesn’t change much during the sample period (1953-71) Variation 
through time in uncertainty about future assessments of expected rates 
of inflation seems somewhat more systematic, and perhaps as a con¬ 
sequence relationships between this source of inflation uncertainty and 
expected real returns and premiums are found 


1 . Introduction 

Fama (1975) concludes that the behavior of returns on U S Treasury 
bills IS consistent with the hypotheses that (i) expected real returns on bills 
arc constant through time, and («) in setting the prices of bills the market 
IS efficient m the sense that any information on past rates of change in the 
purchasing power of money is correctly used to assess expected future 
rates of change These conclusions arc based on the findings that auto¬ 
correlations of real returns on bills are close to zero, and regressions of 
rates of change in the purchasing power of money on nominal interest 
rates indicate that all variation through time in nominal rates mirrors 
vanation in correctly assessed expected values of future rates of change in 
purchasing power 

This paper reexamines the hypothesis that expiected real returns on 
bills are constant through time We test for relationships between expected 

Thu work was supported by the Nauonal Science Foundation Donald Garren 
provided both intellectual and computational auutancc, and I have had helpful comments 
from Nicholas Gonedes, Reuben Kessel, Richard Roll, and a referee 
[jMcnuif »/ Etonotf^, 1976, 64. no 3] 
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real returns and the uncertainty in real returni that can be traced to 
uncertainty about inflation. The proposition is that the inflation-related 
uncertainties in the real returns on bills are associated with the type of 
risk that the market compensates. 

This hypothesis is consistent with the early term structure literature, 
for example, Hicks (1946) and Kesscl (1965), where the risks of bonds are 
equated with the uncertainty in their returns. In modern Markowitzian 
(1959) portfolio theory, however, risk and uncertainty of return arc only 
equivalent for pwrtfohos The risk of a security in a portfolio is in part 
determined by the uncertainty of the security’s return, but its contribution 
to the uncertainty in the return on a diversified portfolio usually depends 
more on how its return covanes with the returns on other securities 

The tests presented here nevertheless turn out to be interesting from 
the viewpoint of portfolio theory. It is, however, better to leave justification 
of this claim to the end of the papier where, with the evidence in hand, the 
issues are better appreciated. 


n. Returns, Expected Returns, and Premiums 

The first step is to present a system of notation for the bill pnang process 
which then helps us to formulate testable propositions about how the 
expected returns on bills might be related to diflcrent sources of inflation 
uncertamty Since the empirical tests arc based on monthly data, the 
model is stated in terms of monthly intervals 


The Pricing of Treasury Bills Some Notation 

Let , be the price at the end of month t — 1 of a bill with n months 
to maturity at (the end of the month) t — 1 Consider a bill with one 
month to maturity at < — 1, and assume that the maturity value of the bill 
at t, pqi, is $1 00 The price of the bill at / — 1 can be written as 

‘'u.-l = (1) 

where B, is the sure, conUnuously compounded return on the bill from 
< — 1 to / and is henceforth called the nominal or spot rate of interest for 
month ( 

To describe the price of a bill that has 2 months to maturity at < — 1, 
note that the bill becomes a 1-month bill at time t, so that 


c,, = 


( 2 ) 


The tildes indicate that and , are random vanables at / — 1 
The cxpiected value of the return on the 2-month bill from i — 1 
to /, IS then 




1 )] ~ ^l-l(^H-l) (*' 2 ,«-l)> 

( 3 ) 
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where £,-i(/i,+ i) «» the expected value at t - 1 of the ipot rate for 
month t + 1 to be set in the market at t. With (3), the price of a 2-inonth 
bill at t - 1 is 

1-1 “ (4) 

An expression for the price of a 3*month bill at t — 1 is obtained in 
similar fashion. Since the bill becomes a 2-month bill at (, its price at t can 
be expressed as 

iij, s (5) 


The tildes indicate that quantities, including means of probability dis¬ 
tributions, to be observed at t can be random variables at t — 1. From (5), 
the expected return from I — 1 to t on a 3-month bill is* 

= ^.-i[ln (SuK,.-!)] 

“ ~ ^l-i(^l+2) ~ 1)» (®) 

and the price of the bill at < — 1 is 

^ ^ it&j.,* i)j) 

The recursive nature of the arguments IS clear For any n St 1, the price 
at / — 1 of a bill with n months to maturity is 

*. » ~ “ iCWnjJ — E*- “El-l(H2.t+si-l)'“E|-*l(^l + i»-l) 

( 8 ) 

Alternatively, we can introduce notation to recogmze that the return 
for month T on a bill with A: > 1 months to maturity at t — 1, is likely to 
differ from the spot rate R, Define the “premium” as 

A. = - A (9) 


Equation (8) can then be rewritten as 


V 


rt, f- 1 


i(r 114)4-CEt— It*-* 1) 4 '♦ I ) 1 — 


( 10 ) 


Equation (8) expresses the current price of an n-month bill as the 
present value of the terminal $1 00 to be received on the bill at t + n — 1, 
where the discount rate for any period is the current expected value of 
the return on the bill for that period Equation (10) breaks these expected 
returns into expected premiums and expected future spot rates 


' Coiuutent snenment of protiabihtici implies that for any random variable a,^t»s> 
^i-i(£i + »(^i+r+»)r“ £^r-i(*i + t+»). r > Oand* i 0 See, c.g., Samuelion (1965) 
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Tht UncerUtinttei m Treasury Bill Returns 

Assume that investors invest in order eventually to consume, so that they 
are concerned with real returns and pnees There is a simple relationship 
between real and nominal returns If p, is the money price at t of some 
“representauve” bundle of consumption goods, then it, «* Ijp,, the 
purchasing power of money at t, is the number of units of the bundle that 
can be purchased with one unit of money. The real return from t — 1 to t 
on a bill with n months to maturity at t — 1 is 

^iit ~ (^J***-1, t/^»-l®ii. t-1) “ ^ni "1" 

where S, = In is the rate of change in purchasing power from 

t — 1 to 1 

When (11) IS applied to a 1-month bill, we get 

f, = = A, + 5, (12) 

Since the spot rate R, is known at t — 1, the expected real return on a 
1-month bill is 

= R, + E,.,a.) (13) 

Assume that equilibrium can be described in terms of expected real 
returns The pricing of a 1-month bill might now be described as follows 
At < — 1 the market assesses the distnbution of looks at other charac¬ 
teristics of the economic environment and then determines a market- 
clearing value of £,-i(f,) The price and thus the spot rate R, are 
then set so that the expected real return on a 1-month bill is equal to its 
equilibrium value, given the market’s assessment of £,_,(5,) Since all 
uncertainty about r, is uncertainty about if part of the value of 
IS a payment for bearing risk, then the risk must be associated 
with the uncertainty of S, 

With (11) and (12), the real return and expected real return on an 
n-month bill are 

Kt = - E,) = f, + P„, ( 14 ) 

and 

E,-M = + E„,{fi„, - R,) = £,.,(f,) 4- E,.,{P„) 

(15) 

With (15), the pricing of multimonth bills can be thought of as follows 
When the market sets the price of a 1-month bill, the first term j(f,) 
m the equilibrium expected real return on an n-month bill is determined, 
and the value of i(f,) includes any effects of uncertainty about on 
_ 1 (X,,) When the market sets the price of the n-month bill, the expected 
premium in £,_i(A„) is determined If the expected prenuum contains 
compensation for the differential nsk in the return on the n-month bill. 



43« 


rETUKNS on TWlASURy BILLS 

then the differential risk must be associated with the uncertainty of the 
nonunal return on the bill since, from (14), the uncertainty of differs 
from the uncertamty of f, only because of the uncertainty of ft„, 

Using (10) for the prices and /?„ is 

= In 

=« £,- 1 (^ 1 ) + /?, + [£'f-i(A-t.i+i) “ 

+ 1 ) " ■^< + |] [•^t-i(^ii-2,f + 2) ■" ^l(^«-2,l + 2)] 

+ [■i^»-l(-^» + 2) ~ •®»('^» + 2)] + ‘ + [■E|-i('^2,l+ii-2) 

— 1,1+It-2)] + [i^/-i(A+<i-2) ~ ■^/(^r+ii-s)] 

+ 1 ) ~ -^iC^t + n-l)] 

Since (13) holds for any t, it can be used to replace each of the future 
spot rates /?,+, in (16) with a future expected real return t (r,+,) and 
a future expected rate of change in purchasing power •£,+,_! (i,+,) Then, 
making use of the result in footnote 1, (16) becomes 

a,, -R.=r E..,{P„) + [£.-,(A-..,.,) - + • 

+ [-^l-l('^ 2 .< + ii- 2 ) ~ ^((^2.1 + 11-2)] 

+ 

^ [E,-,ir.+n.i) - £,(f.+.-i)] ’ 

~ [■^f-i(^r+i) ~ •^«(^»+i)] ~ 

“ [^i-i(^t+ii-i) — ^i(X+)t-i)] 

Equation (17) identifies three possible sources of uncertainty in the 
premiums and thus in the nominal returns on multimonth bills There is 
uncertainty about the changes from / — 1 to 1 in (i) the expected values 
of the premiums in the future expiected returns on the bill, ( 11 ) the ex¬ 
pected future real returns on 1-month bills, and (m) the expiected values 
of the rates of change in purchasing power in future months All three 
sources of uncertainty arc possible candidates for explaining how any 
expected premium E,.^{P„,) in ff,_,(^,,) might be related to the risk of 
the bill Since this paper is concerned with relationships between inflation 
uncertainties and expected returns, we concentrate on relationships 
between £',_i(^„) and the uncertainty at t — 1 about £,(S,+,), r = 
1 , 2 , 

The Testable Propositions 

The uncertainty in the real return on a 1-month bill for month t is the 
uncertainty of 3, The value of 5, to be observed at t can be expressed as 

5, = £,-,(5.) -t- I, (18) 

The uncertainty of S, is the uncertainty off, If this uncertainty, label it 
(r(f,), IS associated with the type of risk that the market compiensates, then 
part of the equilibrium expected real return on a I-month bill is associated 
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with Given some way to measure and variation through time 
in this is a testable proposition about 

When the real return on an n-month bill and its expected value are 
expressed as in (14) and (15), K, is included in r, and the efTects of un¬ 
certainty about 5, on the equilibrium cxjjectcd value of X,, arc included 
in £,-i(r,) To get additional propositions about relationships between 
exfiected real returns on multimonth bills and inflation uncertainties, we 
look to the premiums At i — 1 the market assesses jE,_,(S,), and it also 
assesses expected values for future rates of change in purchasing power 
If these expected values change from t ~ 1 to t, then at t — 1, £,(25,+,), 
T S: 1, arc random variables which, from (17), produce uncertainty in 
the premiums in the returns on multimonth bills If this uncertainty is 
associated with the type of risk that the market compensates, then 
uncertainty at < — 1 about expected rates of change m purchasing power 
to be assessed at I might be a source of expected premiums in the returns 
on multimonth bills Given some way to measure the uncertainty of 
E,(K,+,), T > 1, this IS a testable proposition about the behavior of 
expiecied premiums 

The uncertainty at t — i about jB,(X,+,), t ^ 1, is not a source of 
uncertainty in the real return on a 1-month bill, but it might have an 
indirect effect on £,-i(r,) Because the real returns on 1-month bills are 
not affected by the uncertainty of future expected rates of change in 
purchasing power, an increase in this source of uncertainty might make 
1 -month bills more desirable relative to multimonth bills, and so their 
equilibnuin expected returns might fall 

Caution IS, however, in order The goal of the paper is to measure 
relationships between expected real returns on bills and the inflation 
uncertainties in returns The task is of interest because, as the results 
will indicate, inflation uncertainties are by far the dominant source of 
uncertainty in the real returns on bills Consistent with the limited goal, 
we present a body of notation that suggests piossiblc relationships between 
equilibrium expected returns and inflation uncertainties But wc do not 
present a model of the pricing process specific enought to infer that the 
relationships arc necessarily positive For example, from the viewpoint of 
portfolio theory, the model presented does not rule out a world where 
inflation uncertainties covary negatively with other sources of uncertainty 
in the returns on diversified portfolios so that they are negatively asso¬ 
ciated with the type of risk the market compensates 

m. The Data 

Description 

Monthly prices of 1-6-month Treasury bills are from the quote sheets of 
Salomon Brothers The estimate of the nominal price is the average of 
the bid and asked prices on the last trading day of month t for the bill that 
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matures closest to the end of month I + n The reciprocal of the Bureau 
of Labor Statistics Consumer Price Index (CPI) is used to measure ir,, the 
purchasing power of money at the end of month I 

Some details of the calculations should be mentioned. First, bill pnces 
are sampled on the last trading day of each month, which is not always 
the last day of the month If left unadjusted, the nominal return //„ and 
the rate of change in purchasing power A, might cover slightly different 
periods To avoid any problems this might cause, and A, are adjusted 
to an equivalent 30 4-day basis Second, prices quoted on bills are for 
delivery usually 2 days after the day of the quote In the adjustment 
process described above, the number of days covered by //,, is computed 
from delivery date to delivery date or to maturity in the case of a 1-month 
bill Finally, H„, is the return from t — 1 to / on a bill with n months to 
maturity at t — 1 Thus the bill used to measure changes from month 
to month 

For 1-3-month bills, the tests cover the pieriod January 1953 through 
July 1971 Data for 4-6-inonth bills arc only available from March 1959 
1 he starting date January 1953 coincides with an upgrading of the CPI 
'I he number of items in the CPI increases substantially and monthly 
sampling of major items becomes more general Since the tests require 
good measures of inflation uncertainly, auctilion is restricted to post-1953 
data Data problems also explain the choice of July 1971 as the terminal 
date Beginning with August 1971, the Nixon administration engaged 
m a senes of attempts to fix and unfix prices When prices are controlled, 
tht true costs of goods lotonsumers arc higher than quoted prices because 
of shortages, queues, and other distortions, and the large price changes 
reported when the controls are lilted overstate true price changes. 


Average Returns and Premiums Some Perspective 

Part A of table 1 shows suminarj statistics for the continuously com¬ 
pounded monthly real returns lor different maturities n, the table 
shows fi^ and s{h^), the mean and standard deviation of the (-statistic 
t[f<„), the ratio ol fi„ to its standard error, the first three autocorrelations 
oi h„„ labeled and P}(h^), «ind 7’, the number of observa¬ 

tions on h„, during the period Part B of the table shows the corresponding 
sample statistics for the prem uins P,, = //„, — /?,, while Part C shows 
summary results for 77„ 'I he nominal return //,, is the spot rale R,, 
likewise, in Part A, h^, — r, Because of the large autocorrelations of H,„ 
(-statistics for /?„ are meaningless, and they are not shown 

During the sample picriods, the average real returns on all bills arc 
positive and large relative to their standard errors Thus there is con¬ 
vincing statistical evidence that expected real returns are positive. The 
average premiums are also always positive and many standard errors from 
zero, and the average premiums arc an increasing function of maturity n 
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TABLE 1 

SuMUAKV STATimCS 

A. Rbal Returns 


Period and Bill (n) 

K 

s(A.) 

t{h.) 

fiiiK) 


/a (A.) 

T 

Jan 1953-July 1971 • 

1 

00074 

00196 

5 65 

09 

13 

-.02 

223 

2 

00102 

00197 

7 70 

11 

.15 

- 02 

223 

3 

00118 

00202 

8 73 

13 

.15 

- 03 

223 

Mar 1959-July 1971 

1 

00091 

00169 

6 54 

05 

05 

- 07 

149 

2 

00121 

00172 

858 

06 

07 

- 09 

149 

3 

00138 

00179 

9 39 

10 

10 

- 08 

149 

4 

00131 

00192 

8 36 

13 

10 

- 08 

149 

5 

00157 

00199 

961 

.15 

16 

- 03 

149 

6 

00162 

00219 

904 

12 

14 

- 02 

149 


B 

Premiums P, 

« = 

- R, 




Penod and 

Bill («) H. - « 

- R) 


J>i(«,- 

-R) 

-R) 

- R) 

T 


Jan 1953- 
july 1971 


2 

00027 

00031 

13 15 

38 

20 

17 

223 

3 

00044 

00056 

II 67 

31 

14 

20 

223 

Mar 1959- 
July 1971 

2 

00030 

00034 

10 96 

40 

22 

19 

149 

3 

00047 

00058 

10 05 

33 

.18 

29 

149 

4 

00041 

00079 

6 30 

26 

06 

11 

149 

5 

00066 

00104 

7 76 

33 

.16 

28 

149 

6 

00072 

00129 

6 77 

25 

10 

21 

149 


C Nominal Returns H „ 


Period and Bill (n) 

R, 





T 

Jan 1953-Jul> 1971 

1 

00263 

00129 

97 

96 

94 

223 

2 

00290 

00138 

93 

91 

89 

223 

3 

00307 

00151 

85 

81 

81 

223 

Mar 1959-July 1971 

1 

00319 

00115 

96 

94 

92 

149 

2 

00349 

00123 

90 

88 

86 

149 

3 

00367 

00136 

82 

77 

78 

149 

4 

00360 

00149 

73 

67 

67 

149 

5 

00385 

00159 

64 

56 

60 

149 

6 

00391 

00173 

51 

42 

47 

149 


The average real returns and premiums are, however, small relative 
to what one observes for more risky securities like common stocks For 
example, the average monthly real return on a 1-month bill for the March 
1959-July 1971 period is r = 00091 or about 09 percent (which trans¬ 
lates into about 1 0 percent per year), and the standard deviation of the 
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monthly real return is j(r) «■ .00169 or about .17 percent. For the same 
period the average premium in the return on a 6-month bill is ~ H 
00072, or about .07 percent per month, and j(//s - 7?) = .00129, or 
about 13 percent per month. In contrast, when one looks at long periods 
of time, the average return on an equally weighted portfolio of all New 
York Stock Exchange stocks is typically close to 1 0 percent per month, 
and the standard deviation of the monthly return is about 5 percent per 
month ^ 

Finally, equation (14) expresses the real return on an n-month bill 
as the real return r, on a 1-month bill plus the prenuum — R, The 
sample correlations between r, and — /?„ which we do not show, arc 
close to zero, so that 

<r^(Ki) = - R,) 

It IS then interesting to note that the standard deviations of //,, — R, in 
table 1 are usually small relative to the standard deviations of r,, variation 
of r, through time is the primary source of the variation in Since, from 

(12), all the uncertainty of r, is uncertainty about A,, this inhation uncer¬ 
tainty IS also the primary source of uncertainty in the real return on any 
bill We argue later that the remaining uncertainty of h^„ the uncertainty 
of - R„ IS largely the uncertainty at t — 1 of £,(A, + ,), t = 1, 
2, , t + n ~ I Thus the eventual conclusion is that almost all the 
uncertainty in the real returns on bills is inflation related 


IV. Measuring Inflation-related Uncertainties: General Approach 

The flnding that average real returns on bills arc positive but small is 
not new (see Fama [1975]), nor is the conclusion that there are systematic 
premiums in the average returns on multiperiod bills (sec, for example, 
Kessel [1965] or McCulloch [1975]) The new results that we seek concern 
possible relationships between the inflation uncertainties in the real 
returns on bills and the levels of expected real returns and premiums 
The task requires measures of the inflation uncertainties 

There are two sources of inflation uncertainty in the real returns on 
bills First, there is uncertainty at < — 1 about in (18), the deviation of 
A, from £,_,(A,) Second, there is uncertainty at t — 1 about £,(A, + ,), 
T ^ 1, the expected rates of change in purchasing power to be assessed at 
t 1 o measure these two types of inflation uncertainty, we rely on the 
results of Fama (1975), who concludes that, at least for the 1953-71 
period, and as a good first approximation, the expetted real return on a 
1-month Treasury bill is constant through lime In this situation, the 
deviation of r, from its constant expected value is the deviation of A, from 


’ See, r g , Fama and MacBrih (1974), table 4 
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its expected value, and the time series of r, can be used to estimate the 
uncertainty of 

From (13) we can also see that with a constant expected real return the 
variation through time of the spot rate R, mirrors the variation of the 
cxpicctcd rate of change in purchasing power ,(S,). In this world, the 
uncertainty at t — 1 about £,(5,+,) is the same as the uncertainty about 
We now sec that the uncertainty at t — 1 about can be 

measured by studying the time series properties of R, 


V. Expected Premiums and Uncertainty about 

The Spot Rate and Uncertainty about Expected Future Inflation Rates 

Fama (1975) finds that during the 1953-71 picriod, the spot rate R, 
behaves much like a martingale The fact that the autocorrelations of 
Hi, = R, in table 1 are close to one is consistent with this conclusion 
Thus, to a good approximation, at any time t — 1 the spot rate Ji,+ i for 
month t + 1 that will be observed at t is 

^,+ 1 = -R. + fit, (19) 

where the change in the spot rate from / — 1 to f, has expected value 
equal to zero It follows that (i) the spot rate R, is the expected value at 
t — 1 of all future spot rates, (ti) the change in the spot rate from t — 1 
to t IS the change from I - 1 to / in the expected values of all future spot 
rates, and (tii) with a constant expected real return, the change in the spot 
rate also mirrors the change from t — 1 to f in expected future rates of 
change in purchasing power The uncertainty of ij, is thus the uncertainty 
at t — 1 about the future expected rates of change in purchasing jxiwer 
to be assessed at t 

The analysis suggests a testable proposition to explain why the average 
premiums in table 1 increase with maturity If R, follows a martingale and 
all the changes £,_,(5,+,) - ^,(5,+,), t = I, 
t + n — I, in (17) arc equal to , — R, Thus the change m the spot 
rate from t — 1 to t pushes the premiums on all bills in the same direction 
We can see from (17), however, that the premium — R, contains 
more of the changes £',_,(Zt,+,) — E,{A,+,) the longer the matunty of 
the bill It follows that uncertainty about the change in the sjxit rate 
creates more uncertainty in a bill’s premium the longer the maturity of 
the bill If this source of uncertainty is positively associated with the types 
of risks that the market compensates, then expected premiums on bills 
will be an increasing function of maturity, and any changes through time 
m the degree of uncertainty about changes in spot rates will have a 
greater effect on a bill’s expected premium the longer the matunty of the 
bill 
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Fonnally, let be some measure of the uncertainty of ^ — R„ 
and suppose the relationship between the expected premium on an 
n-month bill and c{fl,) is 

- ^1 I = ®o, + (20) 

The conditional expected value — R, | a(ijf)] is the regression 

function of f?,, — R, on Given time senes of — R, and a{ij,), 

we can use regression techniques to estimate Oo, and a,. The proposition 
suggested by the analysis above is that Sj, is positive and increasing in n 


Measuring the Uncertainty of the Future Spot Rate 


Since a(fl,) is some measure of the uncertainty at < — 1 about the change 
in the spot rate from t — 1 to t, we can interpret as some dispersion 
parameter and use observed changes in the spot rate to estimate the 
parameter There arc, however, conflicting considerations To get mean¬ 
ingful estimates of ao* and a,, in (20), the estimates of must be 
sensitive to changes in through time This suggests that we not use 
“too many” observations on the change in the sjXJt rate to estimate 
If “too few” observations are used, however, the estimates of aOj,) will be 
subject to substantial sampling error with the attendant problems that 
this causes in estimating the regression coefficients in (20) 

One approach to this problem is to allow estimates of (20) to select the 
procedure for estimating First define the dispersion parameter as 
= £|7?,+ i — R,\, the first absolute moment of the distribution of 
the change in the spot rate ^ The general formula used to estimate o(»J,) 
IS then 


•'(»?.) = ■'(^1+1 - ^r) 


l^i-i ~ ^>-1- 


I + + ~ ll 

k + q + \ 

( 21 ) 


To estimate the regression coefficients Kq, and a,, in (20), s{rj,) is 
substituted for and ordinary least squares is applied to the lime senes 
of H„, — R, and s{rj,) To see which version of s{ri,) from (21) is “best”, 
the regression coefficients in (20) are rccstimatcd for different choices of 
k and y in (21) In one set of tests, only past changes in the sjxit rate 
are used to compute s[rfi ), in another, only future changes in the spot rate 
are used, and finally, j(tj,) is computed from both past and future changes 
in the spot rate Without going into details, when the coefficient of 
determination in the regressions of //,, — R, on s{ti,) is used as the cri¬ 
terion, the best version of s{r},) seems to be obtained with i = 12 past 
changes and y = 12 future changes m the spot rate This is the version of 
s{ij,) used in the tests below 


’ ExpcrimenU with £((5,, , — £,)’] yield results uimlar to those reported below. 
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The Relatimshxps between E (/?,( — R,) and s{rf,) 


Tabic 2 summarizes the time senes regressions of H^, — R, on s{t},) For 
each bill n, the table shows ao, and a,,, the estimates of the regression 
coefficients a©* and «i, in (20), /(a^,) and t(a,,), the ratios of the coeffi¬ 
cients to their standard errors; the coefficient of determination, adjusted 
for degrees of freedom, s{e), the standard error of the residuals from the 
estimated regression function, the first three autocorrelations of the 
residuals, and T, the number of observations used to estimate the re¬ 
gression coefficients Since past and future values of the change in the spot 
rate are used to obtain s{ri,), some of the data from the beginning and end 
of the period are lost for the purpose of estimating the regression coeffi¬ 
cients 

Table 2 supports the hypotheses about the relationships between ex¬ 
pected premiums and uncertainty about future expected rates of change 
in purchasing power The estimates Uj, of aj* in (20) are positive for bills 
of all maturities, and generally more than three standard errors above 
zero Thus an increase (reduction) in uncertainty about the change from 
t — 1 to 1 in expected future inflation rates is associated with an increase 
(reduction) in the expected premiums in the returns on multimonth bills 
Since the coefficients a,, generally increase with maturity n, as predicted, 
this source of inflation uncertainty has a larger effect on expected returns 
the longer the maturity of the bill 

Uncertainty at 1 — 1 about jB,(5,+,), t ^ 1, seems to explain entirely 
the levels of average premiums The intercept Oq, is the estimate of the 
expected premium in the return on an n-month bill when there is no 
uncertainty about future expected rates of change in purchasing piowcr 
The values of ao„ are negative in some cases and positive m others, and 
they are usually less than one standard error from zero 

There is, however, good evidence that the estimated regression functions 
do not explain all the vanation in expected premiums The first-order 
autocorrelations Pi{e) of the regression residuals are usually positive and 
fairly large They are smaller than the autocorrelations of the premiums 
in table 1, but the autocorrelations of the residuals in table 2 nevertheless 
indicate that there is variation through time in expected premiums which 
IS not picked up by the regression function estimates Somewhat curiously, 
the regressions seem to explain the generally substantial higher order 
autocorrelations of premiums in table 1 

There is, of course, the jxissibility that the first-order autocorrelations 
of the regression residuals would also disappicar with better estimates of 
the variation through time of uncertainty about £,(3,+,), t S 1 The 
measure s{rj,) is the end result of much experimentation with such 
measures, but nevertheless it may not adapt quickly enough to true 
changes in the uncertainty of future expected inflation rates 
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Finally. Kessel (1965) hypotheum th»t expected premiss «re rd«ted 
L / I r i.tLst rates. To sec if this proposition aught expUta the 
to the level o ^ multiple regreasioas ofH„ - R, on 

res,dual The coefficients ofs(»t,) were almost identical 

both y(v,) and coefficients of if, were neither systematically 

to those xn table^ t.stamt.cs were generally less than 1.0. 

^*one m°ght ffien expect, the residual autocorrelations were almost 
identical to those in table 2 


VI. Expected Real Returns and Uncertainty at / - 1 about 

The earlier discussion suggests that if expected premiums are positively 
related to there might be a negative relationship between £',_,(r,), 

the expected real return on a 1-month bill, and uncertainty at t — 1 about 
.£,(A,+,), T 2: 1 Tests of this proposition are presented in table 3 
Table 3 is also concerned with the relationships between the expected 
real returns on multimonth bills and Since we hypothesize a 

positive relationship between expected premiums and and a negative 
relationship between and i£',_|(r,), wc do not have an unambiguous 
projxisition about the relationships between f,- ,(X„) and We can, 
however, examine what the data have to say about the question Formally, 
if the regression function £,-i[A„ | is 

I <^Wr)] = ao» + ai.ffW,). (22) 

we can substitute for <r(v,) the estimate s{^,) from (21) with A = ^ = 12, 
and then estimate the regression coefficients a,,, and a,. These arc the 
regression estimates summarized in table 3 

The two estimates of a,, are negative and fairly large relative to 
their standard errors Thus the results arc consistent with the posited 
negative relationship between £,_,(f,) and The negative relation¬ 

ships between the expected real returns on 1-month bills and s{rf,} seem, 
moreover, sufficient to negate the fwsiuve relationships observed in table 2 
between s(r},) and expected premiums The result is that there are no 
reliable relationships between the expected real returns on multimonth 
bills and uncertainty about future expected rates of change in purchasing 
power For n ^ 1, there seems to be some evidence of negative relation¬ 
ships between and s(r/,) for the 1959-71 period For the entire 

precontrols pieriod 1953-71, however, there is no evidence in table 2 
that expected real returns on 2- and 3-month bills have any relationship 
with s(ri,), for these bills, the t-statistics for a,„ are both less than 1 0 


Vn. Expected Real Returns and Uncertainty about A, 

Equation (11) says that part of the uncertainty in the real return on any 
bill IS uncertainty about the rate of change in purchasing power A, 
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When, as in (14), A,, is expressed as the sum of?, and — /?„ the un¬ 
certainty about 2, IS included in f, Thus if the uncertainty of 2 , affects 
expected real returns, the effects should be contained in the expiected real 
return on a 1-month bill We do not expect to observe relationships be¬ 
tween expected premiums and uncertainty about 2, 

As discussed earlier, under certain conditions the uncertainty of 2 „ 
that IS, the uncertainty of in (18), is the uncertainty of ?, Define 
= ■fi'dlil) The specific equation used to estimate ff(^,) is then 

j(^ ) = l^-ll + Kt-nl + + ^ 23 ) 

If the regression function relationship between ,(r,) and the uncer¬ 
tainty of 2 , IS 

I = ao + aiff(f,). (24) 

we can substitute s{^,) for (T(f,) and then estimate the regression coeffi¬ 
cients #0 and a. The estimated regression equation for the January 1953- 
July 1971 period is* 

r, = 00037 + 233s(^,) + e„ 

(45) (49) (25) 

coeff of det s(e) ^i(e) j$j(«) ^j(e) 

- 00 00192 07 16 - 04 

where (-statistics are shown in parentheses below the regression coefficient 
estimates, and other summary statistics are labeled as m tables 2 and 3 
There is no evidence of any systematic relationship between , (?,) and 
r(i5,) The estimate a, of a, is less than 5 standard errors from zero 
Since, according to (17), uncertainty about 2 , is not part of the un¬ 
certainty of the premium /}„, — /?„ we do not anticipate relationships 
between expected premiums and s(^,) To test this hypothesis, multiple 
regressions of premiums on both s((,) and s(rf,) were estimated The 
relationships between expected premiums and s{rj,) observed in table 2 
showed up, but the coefficients of s(^,) were generally less than one 
standard crior from zero 


Vm. Interpretation of the Results 

The propositions about the relationships between £,_,(/?„, — Jt,) or 
uncertainty at ( — 1 about expected rates of change in 
purchasing power to be assessed at ( are supported by the data, but the 
proposition that £,_i(?,) is positively related to uncertainty at ( — 1 

* Expenmenu with diffcreni versions of (23), similar to those described earlier for (21), 
have been earned out The results in (25) are representative 
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Ton SBRn» Behavior of Inflatiok-Rblatbd Umcertaintiu, 
Expected Real Rxturnb and Expected Premiumf 

A. Sketch op the Time Seribi Behavior or the Variablei 


Dste 


Hoi) 

f. 



«. 

Feb 1954 

00192 

00015 

00097 

00016 

00023 

0008 

Feb 1955 


00016 

00096 

00017 

00025 

0009 

Feb 1956 

00206 

00020 

00083 

00024 

00037 

.0019 

Feb 1957 

00187 

00023 

00077 

00027 

00043 

0025 

Feb 1958 

.00173 

00024 

00074 

00029 

00046 

0013 

Feb 1959 

00166 

00031 

00055 

00039 

00064 

0020 

Feb 1960 

00178 

00037 

00036 

00049 

00081 

0028 

AlW 1^0 

.00185 

00042* 

00024t 

00056* 

00093* 

0016 

Feb 1961 

00161 

00035 

00043 

00045 

00074 

0017 

Feb 1962 

00174 

00019 

00086 

00022 

00034 

0021 

Feb 1963 

00187 

00015 

00098 

00015 

00023 

0024 

Feb 1964 

00185 

00013 

00104 

00012 

00017 

0029 

Mar 1965 

00197 

OOOlIt 

00107* 

OOOlOf 

00014t 

0033 

Feb 1966 

00189 

00015 

00099 

00015 

00022 

0037 

Feb 1967 

00130 

00018 

00091 

00019 

00030 

0037 

Feb 1968 


00024 

00074 

00029 

00046 

0040 

Frb 1969 

00134 

00033 

00049 

00042 

00069 

0049 

Feb 1970 

00134 

00031 

00053 

00040 

00066 

0063 


* Maximum valu« 
t Miiiimum value 


B Summary Stathtics for Levels and Differences (d) or Variables 


Slati8tic/jr 

r{t,) 

Hh) 

F, 



K, 

f 

001690 

000236 

000738 

000287 

000457 

00280 

s{x) 

000307 

000084 

000228 

000126 

000216 

00129 


94 

99 

99 

99 

99 

% 

/it-') 

89 

97 

97 

97 

97 

93 

Oil*) 

85 

95 

96 

96 

96 

90 

dx 

000020 

000001 

- 000003 

000001 

000002 

000020 

s(dx) 

000325 

000012 

000033 

000018 

000032 

000325 

Pi(dx} 

- 23 

14 

14 

14 

14 

- 23 

hW 

08 

- 02 

- 02 

- 02 

- 02 

08 

hidx) 

02 

10 

10 

10 

10 

02 


about the rate of change in purchasing power from / — 1 to ( gets no 
support To understand why the hypotheses about the two different 
sources of inflation uncertainty fare somewhat differently, we now examine 
the behavior through time of r(ij,) and r({,) We also examine the impor¬ 
tance of the measured variation through time of expected real returns and 
premiums 

TAr Behavior through Time of and j({,) 

Part A of table 4 shows r( 7 ,) and generally at annual intervals There 

IS much variation through time in the measure of the uncertainty 
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att — 1 about T k 1. The estimates start at .00015 in February 

1954, almost triple m size to a high of .00042 in August 1960, fall to a low 
of 00011 in March 1965, and then rise back to about 00030 toward the 
end of the sampling period In relative terms, there is much less variation 
in the measure of the uncertainty at I — 1 about 5, In the 13 years 
from 1954 to 1966, s(i,) varies just slightly in the neighborhood of .00200 
The estimates drop by about 30 percent in 1967 and stay at approximately 
the 00130 level until the end of the sampling pienod One can argue, 
however, that even this apparent shift m is a false indication of a 
change in uncertainty about S, In 1965, there is an upgrading of the 
CPI The geographical locations and goods for which prices arc sampled 
increase The consequent increase in the reliability of the CPI as a measure 
of the price level might account for much of the drop in i({,) observed in 
following years 

The hypothesis that there is variation through time in expected real 
returns or premiums which is related to variation in the two sources of 
mflation uncertainty arc only meaningful if there is variation in the 
inflation uncertainties Thus, given the difference between the behavior 
of s((,) and it is not surprising that there is no evidence for hypoth¬ 

eses about the effects of variation in on £,-i(r,), whereas there is 
evidence for the propositions about the effects of variation in on 
£',.i(?,) and on - £,) 

The VaneUton through Time of R, and f,. i(r,) 

The mterpretation of j(ij,) as a measure of uncertainty at i — 1 about 
£,(5,+,), I ^ 1, IS based on the assumption that the expected real return 
on a 1-month bill is constant through time, so that all variation in the 
s{X)t rate R, mirrors variation in The interpretation of j({,) as a 

measure of uncertainty about 5, is likewise based on the assumption that 
£,_i(r,) IS constant so that all variation through time in r, reflects the 
deviations of 5, from The results for 1-month bills in table 3 

indicate, however, that there is a measurable negative relationship 
between E,-,(r,} and s{ri,) 

Changes through time in do not invalidate the testing pro¬ 

cedures unless the changes are large relative to the inflation uncertainties 
we wish to measure Thus, /({,) is a good measure of the uncertainty of 2k, 
as long as variation in £,_,(?,) is a small fraction of the variation in r, 
In table 3, the coefficient of determination for the regression of r, on s{ri,) 
for the 1953-71 period is 01 Since only a trivial fraction of the sample 
vanance of r, can be attributed to the measured variation in , (f,) as a 
function ofr(i;,), the results are consistent with the conclusion that almost 
all the variation in r, is a reflection of unanUcipatcd changes in purchasing 
power. Fama (1975, 1976, chap 6) comes to the same conclusion, but on 
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the basis of autocorrelations of r, that are close to zero and correlations 
between r, and R, that are likewise indistinguishable from zero 
In the same way, r(»j,) is an appropriate measure of uncertainty at 
t - 1 about E,(K,+,), T ^ 1, as long as variation through time in 
^ small fraction of the variation in R, From (13), we have 

Ri ~ ^t-i “ [^(- 1 (^ 1 ) ~ — £,_2(3i,_j)]. 

Part B of table 4 shows the standard deviations of /?, — R,-i and f, — 
where f„ the estimate of £,_i(r,), is from the estimated regression 
function of r, on for the 1953-71 period * The estimate off(f, — f,_i) 
IS 000033 while the standard deviation of the change in the spot rate is 
000325 Since the ratio of variances is 01, the measured changes in 
1 (^ 1 ) trivial relative to the variation through time of R, Thus the 
assumption that the expected real return on a 1-month bill is constant 
through time is not literally correct, but the interesting implication of the 
assumption, that variation in /?, mirrors variation in seems to 

be a good approximation to the world This is also the conclusion drawn 
b> Fama (1975) on the basis of regressions of A, on R, that yield slope 
foeflicients indistinguishable from — I 0 

The Components of the Uncertainty m the Real Returns on Bills 

Table 4 summarizes the behavior through time of estimates of the ex¬ 
pected premiums in the returns on 2- and 3-month bills obtained from 
the estimated regression functions in table 2 for the January 1953-July 
1971 period The standard deviation of the month to month changes m 

//j, — ft,, 000032, IS similar to the standard deviation of the changes in 

f„ while the standard deviation of the changes in 000018, is 

smaller Thus, if the measured uncertainty of changes in £,.,(r,) is small 
relative to uncertainty about future expected inflation rates, then un¬ 
certainty about future expected inflation rates is also large relative to 
uncertainty about changes in expected premiums 

In sum, equation (17) savs that each future period m the life of a bill 
contributes three terms to the uncertainty in the bill’s premium (1) the 
change from t — 1 to / in the cxjjectcd premium on the bill for the future 
period, (2) the change from t — 1 to / in the expected real return on a 1- 
month bill for the future period, and (3) the change from t — 1 to/in the ex¬ 
pected rate of change in purchasing power for the future period If one 
takes the regression function estimates at face value, the evidence in 

’ Since the autocorreUtioni of t, ind R, in Pan B of table 4 are close to one, it is appro- 
pnaic to measure the uncertainly about future values of these variables from ihrtr changes 
rather than from their levels This also applies to the variables analyzed in the next section 
of the text 
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table 4 is that the uncertainty of the premium is largely the uncertainty 
at < - 1 about t ^ 1. We earlier argued that, m terms of 

equation (14), the premium itself is a smaller source of uncertainty in the 
real return on a bill than the uncertainty of the real return on a 1-month 
bill Since all the uncertainty of r, is uncertainty about S,, the evidence 
points to the conclusion that the uncertainties in the real returns on 
Treasury bills are almost entirely inflation related 


IX. Conclusions 

Summary 

The goal of the paper is to identify relationships between expected real 
returns or expected premiums and the two sources of inflation uncertainty 
in the real returns and premiums on bills The attempts to identify 
variation through time in expected real returns as a function of the major 
source of uncertainty in real returns, the uncertainty of are com¬ 
pletely unsuccessful We argue, however, that the uncertainty of S, 
doesn’t seem to change much during the sampling period, and that this 
might explain why relationships are not observed 

Variation through time in uncertainty about future assessments of 
expected rates of change in purchasing power seems somewhat more 
systematic, and, perhaps as a consequence, we are more successful in 
identifying relationships between this source of inflation uncertainty and 
expected real returns and premiums The expected real return on a 
1-month bill is negatively related to siyi,), the measure of uncertainty at 
t — 1 about >5,(5, + ,), T > 1 Exfiected premiums are positively related to 
j(jj,), with regression coefficients that arc larger the longer the maturity of 
the bill 

Some Perspective from Portfolio Theory 

As mentioned earlier, the search for relationships between the expected 
returns on Treasury bills and the inflation-related uncertainties in the 
returns is consistent with the early term structure literature, where the 
risks of bills and bonds arc equated with the uncertainties in their returns 
The approach seems inconsistent with modern portfolio theory, where the 
risk of a security depends on how it contributes to the uncertainties in the 
returns on diversihed portfolios It seems appropriate at this point to look 
at what we have done from the viewpoint of portfolio theory * 

In the models of capital market equilibrium based on portfolio theory, 

* Detailed discussion of portfolio theory, derivative models of capital market equilib¬ 
rium, and the empincal tests of these models are in Jensen (1972) or Fama (1976, chaps 
7-9) 
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there is a linear relationship between the equilibrium expected return on 
any security and the risk of the security in the market portfoho. The market 
portfolio, M, IS the portfolio of all available securities, with each security 
weighted in proportion to the market value of all its outstanding units. 
The risk of any security j in A/is cov(fy„ the covanance between the 

real return on the security and the real return on M To test whether the 
pricing of Treasury bills conforms to the predictions of these models, one 
might estimate and cov(fy,, for bills of different maturities 

and then test whether the differences in estimates of expected returns 
corresjxind appropriately to differences in estimates of risk 

There are problems in implementing this direct approach ^ For 
example, since variances of bill returns are trivial relative to variances 
of returns on other securities like common stocks, and since cov(ry,, ^ 

low-risk instruments, and the differences between 
the values of cov{fj„ f^,) for different bills are likely to be small In this 
situation, estimates of cov(fj„ are likely to be sensitive to the choice 
ol M (In empirical work a proxy must inevitably be used ) It would be 
important to have a version of M that covered the full range of investment 
assets (for example, bonds, stocks, and real estate) with appropriate weights 
assigned to each asset Such a version of M is not yet available and would 
be difficult to obtain In contrast, these measurement problems are not 
so acute for common stocks because the ranges of average return and risk 
covered by stocks are much broader than for bills 

Although the approach taken here is not to test directly the implications 
of portfolio theory for the pricing of Treasury bills, the results obtained 
have a bearing on any future tests that might try the piorifolio approach 
There is reliable evidence that expected real returns on longer-term bills 
arc higher than on shorter-term bills Average premiums arc positive, 
large relative to their standard errors, and an increasing function of 
maturity Thus il in fact the pricing of securities follows fxirtfolio theory, 
the risks of longer-term bills, as measured by f^,), must be larger 

than the risks of shorter-lcrni bills Simc ihc differences in average 
leturns by maturity arc small in absolute terms, however, the differences 
in risk must also be small 

Moreover, the results contain inlormation aliout the source of any 
higher risks of longer-term bills In intuitive terms, in the models of 
market equilibrium based on portlolio theory, a sccurilv’s risk depends 
on Iiow the uncertainty in its return is related to uncertainties in the 
return on the market portfolio The evidence suggests that the uncertainty 
in ihe premiums in the relurns on longer-term bills is almost entirely 
uneiriainly about changes in asscssmenis of future expected inflation 
rates 'I hus if the risks of longer-term bonds, as measured by cov(fy„ 


’’ Sre Roll (1971) 
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arc lat^r than the risks of shorter-term bonds, the differences in risk must 
somehow be associated with uncertainty about future expected inflation 
rates In this situation, uncertainty about future expected inflation rates 
must be one of the sources of uncertainty in the return on the market 
portfolio. Given that bills are low-risk instruments, however, uncertainty 
about future expected inflation rates is certainly a small part of the 
uncertainty in the return in M 
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A Synthesis 
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The joint determination of work and investment in human capita) over the 
life cycle IS analyzed At low rates of impatience investment is decreasing 
throughout life, as in simpler models which assume hours of work to be 
fixed 'I'he demand for leisure over the life cycle is “U shaped ” Wages 
rise to a single peak which occurs after the peak in hours of work Dis¬ 
tinctly different patterns arise when the rate of impatience is high Such 
individuals may prefer an increasing hours of work profile, and schooling 
need not be concentrated at the beginning of life Conditions are provided 
to determine a critical level of time preference which is sufficient to 
induce a “normal” life-cycle pattern for investment and work 


1. Introduction 

It IS by now widely recognized that investment decisions play a major 
role in the determination of individual age-earnings profiles Several 
studies, most notably Mincer (1974), rely on investment in human 
capital as a leading single hypothesis from which many of the observed 
legularities in earnings data arc derived 
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The investment hypothesis, in its simplest form, can be summarized by 
the equation* 

Y=:F(K,K), (1) 

where J' is observed earnings, K is potential earnings (“human capital”), 
and K is Its rate of change Competitive equilibrium in the labor market 
places restrictions on the signs of the partial derivatives Specifically, as 
long as human capital contributes to earnings (t e , dFfdK > 0), the 
individual must give up current earnings in order to enhance future 
earning opportunities (i e , dFjdK < 0) It is typically assumed that at 
each point in his life the individual faces a spectrum of earnings- 
mvestment combinations (“jobs”) and selects the one which is optimal 
Equation (1) highlights the formal similarity to the investment problem 
of the firm in the presence of adjustment costs (see Eisner and Strotz 
1963) However, the fact that human capital is embodied in the individual 
and cannot be sold leads to several important differences First, since the 
property rights to human capital cannot be transferred, the finiteness of 
life plays a central role in human investment Second, since either the 
utilization or formation of human capital requires the sacrifice of leisure 
(d specific consumption good), it is not possible, in general, to separate 
the consumption and investment piobicms as is done in the theory of the 
firm Third, neither human capital nor the investment therein are 
normally observable, so a human-capital model is useful only if it generates 
testable predictions about observable variables like wage rates and 
earnings Finally, lack of data on human capital makes it hard to 
distinguish empirically among the effects of investment and a myriad of 
other influences on actual earnings The most obvious of these, of course, 
is the choice of work intensity, which affects both current earnings 
(labor-leisure choues) and the rate of human-capital accumulation 
(training-leisure choucs) 

The purpose of this paper is to present a simple life-cycle model of 
investment in human capital in which leisure choices arc explicitly 
incorporated In so doing, we integrate two previously disparate branches 
of hfe-cycle theory models of labor supply with exogenous wages* and 
models of human-capital formation with exogenous leisure * Of course, to 
accomplish this we must posit utility maximization as the individual’s 
goal rather than income maximization 

' This precise representalion of the model is due to Rosen (1973^ but similar formula¬ 
tions are implicit in Becker (1964) and Ben-Porath (1967) 

^ See, for example, Weiss (197Z), Blinder (1974, chap 3), and Heckman (1974) 
The paper by Weiss allows for endogeneity of wages due to learning by doing but not for 
human investment 

’ See, for example, Ben-Porath (1967), Weiszacker (1967), and Sheshinski (1968) 
Formally, our approach also embraces life-cycle consumption theory, but we lake pains 
to separate this from the other two problems and have little to say about consumption 
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Apart from the direct interest in the interaction of labor supply and 
human investment over the life cycle, such a model is needed to test the 
robustness of the widely used wealth-maximization models of human- 
capital accumulation. For example, a standard implication of these 
models is that a period of specialization in investment (interpreted as 
schooling), if it exists, will occur only at the beginning of life * However, 
one can imagine that when schooling involves foregone leisure, the 
existence of pure time preference might lead a utility-maximizing 
individual to postpone his education Such possibilities appear explicitly 
in our model Another important implication of the wealth-maximization 
model is that the fraction of time spient investing falls throughout the 
pobtschooling investment period This turns oul to be generally true in 
our model as well, though some exceptions are noted 

To our knowledge, there have been four previous attempts to integrate 
human capital and labor supply as we do here The treatment by Ghez 
and Becker (1975) is the most general and explores the widest variety of 
issues But It is also the least ambitious, in that they generally content 
themselves with stating and interpreting the first-order conditions Our 
model can be viewed as a special case of theirs, but a case which is pushed 
much farther The three other studies* at least attempt to analyze the 
shape of the optimal plan and naturally adopt simplifying assumptions in 
order to do so Typically, the rate of investment in human capital and 
the supply of labor arc related to some key variable such as the stock of 
human capital or its shadow price (both unobserved) However, since the 
models generally do not fully determine the behavior of these endogenous 
variables, a disturbing and unncctssary amount of ambiguity remains 
Further, except for Heckman (1976), virtually no attention is paid to 
periods of specialization such as schooling or rciircineni This seems a 
major omission 

The model presented here is more general than previous work on the 
subject (with the exception of Ghez and Becker) and vet generates many 
more concrete conclusions Among the restrictions which our model 
places on optimal plans are (a) Several disirinct patterns m investment, 
work, and leisure may arise, depending on the subjective rate of 
impatience (i e , the discount rale for future utilities) (<>) Wr consider the 
rase where the rate of impatience is “small” (in a sense to be defined 
later) to be the leading case In this ease, specialization in schcxiling can 
occur only at the beginning of life, and rclirc'mcnl can come only at the 
end (c) Schooling is followed by a period of on-thc-job training (OJT), 
during which the fraction of potential earnings and time devoted to 

* On this, see Weiss (1971), Ishikawa (1973), and also the references cited in the 
preceding fooinolc 

* See Landsberger and Passy (1973), Scaflcird and hlcphan (1973), and Heckman 
(197b) 
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human-capital formation declines monotonically. (d) Investment reaches 
aero some finjtc time before retirement (or death, if there is no retirement). 
Thus there is a finite interval of “pure work" with no investment late in 
life This econometric finding of Mincer (1974) is explicitly ruled out by 
the Ben-Porath (1967) formulation of the problem (which is followed by 
Heckman [1976] and by Stafford and Stephan [1973]). (r) The demand 
for leisure over the life cycle is “U-shaped" with a tendency to decline 
during schooling and the early part of OJT and thereafter to rise (/) 
Wages nse to a single peak, which occurs after the peak in hours of work 

Of course, we do not pull these rabbits out of the proverbial hat Like 
other investigators, we have to make some simplifying assumptions, of 
which two seem most crucial First, (1) is given the spiecial form 

y = F(A, K) = KG{AIK), G' < 0, (2) 

so that G(') IS the fraction of potential earnings which is actually realized 
The nature of this important function is described briefly in the next 
section Here we only wish to point out that the formulation is qmte 
similar to the early work of Rosen (1973) who dealt with the special case 
F[K, K) = K — C(K), C'[K) >0 In both specifications, K is defined 
as earnings capacity, that is, the amount the individual would earn m the 
absence of investment While Rosen orders jobs by their absolute rate of 
increase of earning potential (A) and deducts costs additively, we order 
jobs by their proportionate rate of growth in potential earnings (A/A) and 
deduct costs multiplicatively * In principle, either representation is as 
good as the other, but the multiplicative version leads more naturally to 
the logarithmic wage functions encountered so frequently in empirical 
work (Weiss 1975) 

Our second important assumption is that, for a given input of time, the 
quantity of human capital created is proportional to the stock of human 
capital This specification, which is suggested by Mincer’s work (1974), 
simplifies the mathematics considerably Together, these two assumptions 
enable us to portray the rather complicated optimal control problem on 
a two-dimensional phase diagram 


2. The Earmngs-Investment Frontier 

Basic to any model of human capital is the market constraint delimiting 
the combinations of current earnings and human-capital formation which 
are obtainable from a given stock of human capital This function, which 
we call the “eamings-invcstment frontier,” is defined implicitly by (1) It 
IS clearly downward sloping Our special form (2) enables us to normalize 


In his later work, Rosen (197'i) also adopts the multiplicative form 
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Fio 1—The eanungs-invcatincnt frontier 


this relation so that a single frontier, applicable to any K, can be drawn, 
thus It plays for us the role that constant returns to scale plays in growth 
theory The normalized frontier is sketched in figure 1, where the new 
symbol, x, is defined as KJK + S, where ^ is the rate of depreciation of 
taming capacity As indicated in the introduction, we index jobs by their 
proportionate rate of growth, x is this index, and it runs from zero to 
unity Then x = 1 indicates the job that yields the maximum feasible 
rate of growth It makes sense to call this “going to school” and to specify 
that g{\) — 0—that is, that ail earnings are sacrificed during schooling 
Conversely, x = 0 is the job where potential earnings are fully realized, 
so ?(0) = 1 

Throughout the analysis we shall assume that g{x) is a continuous, 
decreasing, and concave function of x Since g{x) is really a description 
of an equilibrium wage structure, the assumption of concavity requires 
some justification 

Strict convexity is ruled out by allowing workers to divide their time 
between jobs or between work and school without incurring significant 
transactions costs This leaves open the possibility that the frontier might 
be linear, which would imply that combining training and work on the 
)ob is no better than dividing one’s time between working and attending 
school Though possible, we find this notion somewhat unrealistic The 
essence of learning from experience, as distinct from formal schooling, is 
that the work environment facilitates the acquisition of producuve 
skills Accordingly, we shall focus on the case in which g{x) is strictly 
(oncave, that is, g"(x) < 0 ’ However, an almost equivalent model can 
be developed under the alternative assumption that g{x) is linear 

’ For a more detailed denvauon of ihr rarnmgS'mNfslmrnt frontier a& a general 
(qudibnum problem, see Rosen (1972) 
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3. Statement of the Problem 

The individual is assumed to derive uulity from three sources: the stream 
of hfetime real consumption, f(l). the fracuon of time devoted to leisure, 
l{t), and the bequest, or terminal value of real (nonhuman) assets, 
A(T) ® Here t denotes the individual’s age and runs from zero to T, the 
length of life which is assumed known and exogenous Specifically, 
lifetime utility is assumed to be additively separable with a constant rate 
of time discounting, 

U{c,l)e-<-di + B[A{T)], (3) 

where L {c. 1) and B[A{T)\ are assumed to be twice-diffcrcntiablc, 
strictly concave functions of their arguments, and p is what we call the 
rate of impatience ’ We rule out optimal paths with segments of zero 
consumption or zero leisure by assuming 

hm Lj\{c, 1) — CO for all /, 

c~0 

Iim U,{c, 1) — oo for all c 
1-0 

The further stipulation that f/|(c, 1) > 0 for any c allows us to consider 
retirement [/(() = 1] as an endogenous decision 
What are the constraints on this maximization problem’ Letting h(t) 
denote the fraction of time devoted to market activity (including work and 
education), the time budget requires 

h{t) + /(<) = 1 (4) 

k(t) > 0 (5) 

As noted above, the occupational index is bounded between zero and 
unity 

0 S x{t} S I (6) 

Nonhuman capital is generated by the difTcreniial equation 

A = tA -i- g{x)hK - c, (7) 

where r is the real rate of interest And human capital is generated by 
the human-capital production function A = <I)(Ar, h, K], which ran be 

* It will be assumed that a person’s human wealth dies with him, that is, that it cannot 
be bequeathed 

* A variable rate of impatience could be accommodated without too much difficulty 
But It would make the notation more cumbersome, and quahtaiivc results would depend 
on the time prohle of p(i) 

Letting r denote the real rate of interest implicitly incorporates changes in the price 
of consumer goods 
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simplified to 

6)K ( 8 ) 

by one assumption and a convenient dcfimtion. (In this expression, a and 
S are constants) 

The assumption was mentioned earlier that the human-capital 
production function is homogeneous of degree one in K, namely, 
<I)(;r, h, k) »= 0(a:, h)K The convenient definition is to measure the 
occupational index, x, in terms of equivalent schooling time, so that 
working h hours at job x is equivalent (in the production of human 
capital) to spending xh hours in school *' 

There are two initial conditions corresponding to the individual’s 
endowment of financial and human wealth,*^ ^(0) = ^ 0 and 

K{0) — Kq > Q, and both terminal stocks arc to be chosen optimally 
Under the assumption that 

hm = 00 , 

Xt-O 

the optimal bequest will be strictly positive 
To set up this problem in a form suitable for the application of 
Pontryagin’s maximum principle, substitute (4) into (3), define shadow 
prices p{t)e~‘" for human capital and for financial wealth, and 

write the Hamiltonian function//(A, jr,f, A', yl,/>,/i) = 1 — A) 4- 

pK{axh - 6) + fi[rA + g{x)hK - c]} 

hirst-order necessary conditions for a maximum arc (i) at each instant, 
x{t), h{t), and c{t) are chosen to maximize H, given K, A, p, and /i and 
subject to the constraints (5) and (6), (ii) cHjdK = —{djdt){e~'*'p) for 


all 1, (ill) dHidA = -(<//<//){efor a!J t, (iv) K{T)p[T) = 0, (v) 
H{T) = B\Ar) 

As the reader may verify, conditions i-iii can be written 

L\{c, 1) = ft 

(9) 

U,(c, 1) = fiKg{x) + apKx if 0 < / < 

Vi{c, 1) ^ ftJ(g{x] + apKx if / = 1 

h[apK + /t/Cg'(x)] =0 if 0 < sr < 

'1 (10) 

/i[apA + ftAg'(O)] SO if X = 0 1 

A[apA + fiAg'(l)] ii 0 if X = 1 J 

1 (11) 

fl/fi == p - r 

(12) 

pip = p ■{- d - axk - g(x}hplp 

(13) 


' ‘ This convention means p(x, h) = / (xh) The further stipulation that/ ( ) is hncar 
IS innocuous as long as g(x) it concave An equivalcsit model arises if/( ) is concave 
svhile^t ) IS linear Equation (8) is suggested by Mincer’s work because xh is the change 
in accumulated years of schooling, S, to (8) integrates to log K •• aS — SI 

In interpreting these, it should be noted that Ka includes both the initial endowment 
of education and "ability," or whatever else it is that determmet productivity 
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4. Interpretation of the Optimality Conditions 

The optimality conditions, equations (9)-(13), have straightforward 
economic interpretations Since p{t) and fi{t) are, resjsectivcly, the 
shadow prices (in current utils) of human and nonhuman capital, 
V(t} = t/(0//^(0]'^(^) 's value of the human-capital stock in terms 
of the numeraire good (consumption) This can be verified by substituting 
this definiuon into (13), using (8) and (12), and integrating to obtain 

m = |^-'<'-'>A(t)«[*(T)]A:(T) *, (14) 

which states that V(t) is the present value, m time t dollars, of future 
earmngs along the optimal path—a very natural interpretation of the 
value of the human-capital stock * ^ 

Using this variable, we can rewrite the optimality condition (11) in a 
form which is readily interpretable 

-g'(x)K = eF if 0 < r < 1) 

-S'(0)K ^ aV if X = 0 } (15) 

-g'i\)K ^ aV if X = 1 j 

Here -g'{x)K is the marginal cost in terms of foregone earnings per hour 
of raising r, and it can be shown that aV measures the marginal benefits 
in higher future earnings *■* 

Condition (15) can also be given the usual rate-of-return interpretation 
Let n be the rate of interest that equates the discounted benefits to the 
costs, that IS, n is implicitly defined by 

-g'{x)K = a r’<'->h{z)gix)K[x) dz 

as the marginal internal rate of return Then an equivalent statement of 
(15)is7t = rifO <x < l,;t rifx = 0, ti ^ rifx = 1 Thus, dunng 
the schooling period (x = I), the internal rate of return on human 
investment is strictly greater than the interest rate, despite the fact that 
hours of study arc variable * * During the postschool investment period, 
the marginal rate of return is always equal to the rate of interest Since 
these results hold for any arbitrary leisure profile, they are independent 
of tastes Therefore, one can venfy ex post whether individuals have 
behaved optimally by computing the appropriate rates of return Of 
course, when labor supply is a choice variable, the rate of return is 
ill-defined as an ex ante concept 

‘*The integration that yicldi (14) requires the terminal condition ^'(7') = 0 This 
follows from the transversality condition (iv) since human capital cannot be cashed in 
at the end of life—i e., K{T) > 0 

The proof can be found in our longer working paper 
’ ’ Equality holds at the instant of leaving school 
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We now turn to the conditions for optimal work eflPort (10) When 
there is no investment (* »«: 0), wages are exogenous to the individual,' * 
and, in view of (9), (10) simply states that the margmal rate of substitution 
(MRS) IS equal to the (fiotential and actual) wage Analysis of the age- 
hours profile IS exactly as in our previous models of dynamic labor supply 
with exogenous wages Ghez and Becker (1975) have claimed that this 
marginal condition also holds when wages are endogenous, and that 
therefore for the analysis of time-versus-goods substitution in consumption 
we need not worry about why wages change Two remarks can be made 
about this finding First, when there is investment, the observed wage and 
the potenUal wage are very different Nor is their behavior over time 
identical during OJT the ratio of observed wagc/potential wage is 
monotonically rising Second, the MRS is equated to the potential wage 
only in the special case of a linear camings-investment frontier To see 
this, divide the left-hand side of (10) by U^{c, 1) and the right-hand side 
by (they are equal by [9]) to get U,jUc = a (pjn) Kx + Kg[x) = 
aVx + Kg{x) Then substitute for aV from (15) (assuming an interior 
solution) to get 

MRS s ^ = K[g{x) - xg'{x)] (16) 

Uc 

It IS easy to verify that the function in square brackets is equal to one for 
all X only in the case g{x) = 1 — x Otherwise, it is always strictly 
greater than one (as long as 0 < x < I) We call the right-hand side of 
(16) the "full wage " Clearly, the first component, g{x)K, measures the 
current benefits fjcr hour of work That the second component, —xg{x)K, 
measures the future benefits per hour of today’s work follows from (15) 
This second component of the “full wage” prices x at its marginal (not 
average) value in computing the future benefits The gap between the 
full wage and the potential wage represents the “pure profits” from OJT 


5. The Temporal Succession of Life-Cycle Phases 

Due to the possibility of corner solutions, four qualitatively distinct 
phases might occur m an individual's life cvclc Whether each phase 
oc( urs, how long each phase lasts, and the temporal order of the phases 
lorm the subject of this section Wc give the four phases descriptive names 
and numbers which seem to indicate a sensible ordering as follows 
Phase 1, schooling x = 1, A > 0, Phase II, OJT 0 < x < 1, A > 0, 
Phase III, Work x = 0, A > 0, Phase IV, Retirement A = 0 Note 
that when A = 0 the value of x is arbitrary, as is clear from (II) 

“Of count, part of the problem is to determine when ihe individual will opt for 
leaving his wage exogenous 
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X 



Economically, this says that a retired person can be considered as holding 
any job at all (and working zero hours) 

To facihtate the exposition, we define two new state vanablcs 
/l(/) = ap(t)K(t) = the value (in utils) of human capital, multiplied by 
a, and ^(/) s — the potential wage converted to utils, and 

adopt the assumption that the utility function is separable, namely, 
U(c, 1) = u{c) + v{l] Due to our simplifying assumptions, a phase 
diagram can be drawn in {X, tj/) space, in which the four phases arc 
defined by (see fig 2) 

Phase I (schooling) 


7 > -g'(l) 

(17 1) 

1 

II 

>- 

(18 1) 

Phase II (OJT) 

A ,, , 

- = -g (•») 

'1' 

(17 2) 

r'(l - ft) = ?jc + ^g[x) 

(18 2) 

Phase III (work) 

7 < -g'{0} 

(173) 

v'{\ - A) = lA 

(18 3) 

Phase IV (retirement) 

Ax + ^g{x) for all xe[0, I] 

(18 4) 



459 


, jjxjMAN CAPrTAL AND XtABOK SUPPLY 

It IS clear from equation* ( 17 ) that the precise shape ofg(x) strongly color* 
the likelihood and length of each phase. For example, if -g'(l) =» oo, 
then the individual will never specialize in schooling The reason is that 
there are jobs (*’* very near unity) which are nearly a* effective as 
schooling in imparting skills, but which pay a positive wage Since 
finiteness of —^'(1) « a minimal requirement for schoohng to be possible, 
we assume it to be true. 

As another extreme, if g'(0) = 0, then Phase III (work without 
training) is impossible because there would be a job with a wage arbitrarily 
close to the no-traming job, but which gave a finite amount of training 
In this space, the optimal trajectory can, in principle, begin anywhere 
But, since the transvcrsality condition is p( T) =* 0, it must terminate on 
the horizontal axis This trivial observation already establishes that 
anyone who ever works will indeed have a Phase III—that is, a finite 
period of work without OJT In other words, as long as we do not rule 
Phase III out of court by assuming = 0, Phase III must be the 

last phase before retirement (or death) in any optimal plan We believe 
this makes sense and is an argument against using the Ben-Poraih (1967) 
specification 

One other interesting observation can be made already If \j/, the 
potential wage, is less than { s *''(1), the marginal utility of complete 
leisure, then the work activity is unattractive Similarly, if A < {, the 
srhooling activity is unattractive However, figure 2 shows that there is a 
region where both of these inequahiics hold, and yet the individual 
chooses not to retire This means that, for some values of ^ and the 
option of combining work and schooling by OJT keeps the individual on 
I the job when he would otherwise retire It can be shown that this is a 
direct implication of strict concavity of the eaming-invcstmenl frontier * ’ 
To determine the nature of optimal trajectories in figure 2, it is necessary 
to know how A and tj/ change over lime Using the definitions of A and ip 
and equations (8), (12), and (13), it follows that 

X ^ pA - a^g{x)h (19) 

= (a/w - y)^, (20) 


where y s r — p 5 

The sign ofy is a major determinant of the qualitative behavior of the 
model To save space, we present a detailed analysis only of the case 
V > 0, which is probably more realistic (being consistent with an 

' ’ The northeast boundary of Phase IV is concave because il is defined by 

Q{i, 1 *) s max [lx + i<';(x)] = { 

OsxSI 

In the case g{x) = 1 — x, ihe relirement region expands lo fill the entire square 
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increasing consumption profile)** and also more interesting analytically 
As we shall see, a complication arises from a phenomenon which we call 
“cycling,” that is, the recurrence of a specific phase more than once in 
the optimal hfe cycle It turns out that there is little room for such cycling 
in the case y :S 0. 

Let us, therefore, first deal briefly with people with “high impatience,” 
that IS, with p > r + i * * The following propositions, which we state 
without proof, rather sharply delimit the kinds of life cycles that could 
ever be optimal for such a person, (a) The only possibility of cycling is 
that an optimal path might include two disjoint periods of work separated 
by a period of OJT (i) If there is a penod of schooling, it comes cither 
at the beginning of hfe or immediately after retirement. A penod of OJT 
follows schooling (e) If there is a period ol retirement, it comes at the 
beginning of life (d) If there is a period of OJT (and there will be one 
unless the optimal path includes no training whatever), it is followed by a 
penod of work («) The last years of life are a penod of work. 

Thus the typical hfe cycle for persons with high impauencc, assummg 
most people find it optimal to take some schooling and some rcUrement, 
IS roughly as follows an iniUal penod of retirement is followed by 
schooling, then by OJT, and then by pure work until death. 

Of course, life cycles with early retirement are rarely observed in 
practice. But this is not because such programs arc irrauonal Individuals 
with very high impatience (or very high posiUve exogenous wage growth) 
will want to bunch their leisure early in life To do so they will have to 
work very hard when they are old, since consumption depends on 
lifetime discounted earnings We may surmise that it is the absence of 
perfect capital markets that precludes all but inhcntors of large fortunes 
from pursuing such a program 

Hereafter wc focus on what we take to be the leading case y > 0 In 
order to analyze the behavior of A and over time, it is necessary to 
locate the stauonary loci, Jl = 0 and ^ = 0, in the four regions 

Because p > 0, equation (19) implies that the A = 0 locus can never 
enter Phase I (x = 1) or Phase IV (A = 0), for then A would be positive 
In Phase III (x = 0), the A = 0 locus is A = {alp)^h, where A is 
implicitly defined as a function of ^ by (18.3) It can be shown (proof 
omitted) that the A =0 line begins at the point ? = 0, { and slopes 

upward until it intersects the —g'(0) ray at point A in figure 3 

Analogously, when y > 0 the ^ = 0 locus cannot enter Phase III 
(x — 0) or Phase IV (A = 0), for then ^ would have to be negative In 

' * Thu ninple identification of ruing or falling coiuumption palha with r — p u irur 
only under leparablc uulity For the more general caae, lee Wein (1972) Our point it 
that thu specific model behaves most like the real world when r > p 

‘’Note that if the rate of growth of wages in the absence of investment, — d, is positive 
(due to economy-wide productivity changes] and exceeds the real rate of interest, then 
all persons are m dus class. 
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Flo 3—Phase diagram when y > 0 


Phase I, ij/ IS stationary only when k = y/a Since h is implicitly defined 
as a function of A by (18 1), this means that only one specific value of A 
makes = 0 in Phase I (see fig 3) 

The positions of the two stationary loci in Phase II can be denved by 
simultaneously manipulating equations (17 2) and (18 2) As this Usk is 
rather arduous and uninteresting, it will not be described here Instead 
we confine ourselves to stating without proof the following three basic 
properties (a) The A = 0 locus in Phase II begins at pioint A in figure 3 
and slopes upward from there (b) The = 0 locus in Phase II begins 
at point B in figure 3 and slopes upward from there (c) While both loci 
must begin with positive slopes, either or both slopes might become 
negative somewhere in the region in contrast to the wav they are depicted 
in figure 3 This is not impiortant What is important is that the two loci 
must have a unique intersection in Phase II with the A = 0 line cutting 
the i/i =0 line from below 


6. Labor Supply and Human Investment in a Normal Life Cycle 

It can be seen from figure 3 that if the life plan includes schooling and 
has no cycles, the only piossibility is that schooling comes first, followed 
by OJT, work, and then retirement ** We therefore call this the “normal” 
life cycle and proceed to examine its properucs 

The rather lengthy proof of thu anertion appears m the appendix to our longer 
working paper 

Thu IS actually not quite to obvious, since the diagram makes it look at though 
reiirement might come first However, we show in Section 7 that ihe same coodiuom (hat 
preclude cycling alao preclude early reliremcnl 
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Phase I, Schooling 

Since k is rising through time during Phase I, it is clear from (18 1) that 
the amount of time devoted to schooling rises steadily as education 
progresses—a prediction to which all former graduate students will 
doubtless attest The intuition behind this is simply that the value (in 
utils) of the human-capital stock X{t) nses, making leisure more 
expensive ** 

We may also make some rough judgments on the concavity of the hours 
profile, h{l) Differentiating (18 1) logarithmically gives 



Denote the expression in brackets by R(h) > 0 and take the time 
derivative again to get 

R'{h){h)^ + R{h)h = 0 (21) 


It is clear from (21) that h and R'{h) have opposite signs What is the 
likely sign of R'{h)'* Noting that the time budget makes dhjdt = — 1 
everywhere, we can write R'{h) as 


R'{h) 


rf 1^ 

dl v'{l) 


In the case of utility functions for choices involving nsk, the ratio 
»"(/)/»'(/) IS called the degree of “absolute nsk aversion” (Pratt 1964) and 
IS generally thought to be an increasing function of I (i c , to fall in 
absolute value as I rises) While the present model docs not discuss risk, 
if our v{l) funcuon also has this property, then h{t) < 0—that is, A is a 
concave function of time dunng schooling We take this to be the 
leading case And since KjK = ak — 5 in Phase I, the rate of growth of 
potential wages would also be an increasing and concave function of 
time 


Phase III Work 

Since there are some formal similarities between Phase I and Phase III, 
It IS convenient to take up next the case of work with no training. Here 
labor supply is governed by the usual condition equation (18 3) states 
that the marginal rate of substitution between leisure and consumption 

Marginal calculations dunng this phase involve only leisure and schooling The 
work acUvity is dominated 

If, instead, (d/dZ)[i/'(I)/!;'(/)] < 0, A will be a convex function of time 
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goods is equated to the real wage Since, by (20), 
III, logarithmic differentiauon of (18.3) yields 


V'{1) 


-y =r p - r - s 
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( 22 ) 


So people with “normal’’ time discount rates have dinunishing labor 
supply m Phase III By contrast, people with high impatience offer 
increasing amounts of labor to the market despite wages which are 
falling if ^ > 0. It cannot be stressed too much that these contrasting 
behavior patterns have absolutely nothing to do with competing income 
and substitution effects, although cross-sectional studies of labor supply 
might possibly confound the two phenomena 

From (22) it is clear that the concavity issue is precisely as it was in 
Phase I The sign of k depends only on the behavior of “absolute nsk 
aversion” as / rises, and the more attractive utility functions imply 
h < 0 

The behavior of wage rates (actual and potential coincide) and earnings 
in Phase III is also of interest Letting W be the observed wage, we have 
H'jW ~ KfK = — 6, a constant So logarithmic age-wage profiles 
should be straight lines in Phase Ill, which are falling, flat, or rising 
according as 6 is greater than, equal to, or less than zero 

Finally, consider earnings, Y{t) = h{l)W{t) Since (P/P) = (A/A) + 
{li'jW) = (A/A) — d, if d > 0 (1 e , if depreciation outweighs economy- 
wide wage growth], earnings will surely decline However, if d is 
sufficiently negative, they may not But regardless of the slope of the 
logarithmic earnings profile, it will certainly be concave if h{t) is for 


hh - {hy 


< 0 


if A < 0 


Phase II On-the-Job- Traintng 

To analyze the behavior of hours of work and investment in Phase II, tt 
IS convenient to transform the differential equations so that x and A 
rather than X and ij/ arc the variables In (x, h) spac c, Phase II is the open 
unit square. Phase 1 is the vertical line x = 1, Phase Ill is the vertical 
line AT = 0, and Phase IN' is the horizontal axis (sec hg 4) In a life cycle 
without cycling, we enter from Phase I and exit to Phase III 
The first-order conditions for an interior maximum arc (17 2) and 
(18 2) which, since the Hamiltonian is strictly concave in (r. A) for given 
(/, ^), define x and A as unique functions of 7 and ^ Given these, the 

Uniqueness of k and for given x and A 11 obvious since (17 2) and (18 2) arc linear 
in ;i and 
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two difTcrential equations in X and >j/ can be transformed into a pair of 
differential equations in h and x The results are 


^ ^ _ r + 5 

v’{l) ^ 1 + rj{x) 


g"(^) , 


r + 5 ~ 


ahx 


1 + r,[x) 

tjW 


(23) 

(24) 


where ti{x) = —xg'[x){g{x) is the (sign-correctcd) elasticity of the g{x) 
function 

Using (23) and (24), it is easy to partition figure 4 into four regions 
by the = 0 and A = 0 loci The A = 0 locus has the simple form 

'!(*) = yip, (25) 

which defines a umque value of 4 : ** Call this x Using (24), the end 
points of the ar = 0 locus, which is defined by 


r + 



(26) 


Thu IS because i)(*) rises monotonically from 17(0) = 0 to (/(I) m + 00 
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can easily be determined. When a » 1, h » (r + d)/a, and when 
X B 0, A + ^)/« < (r + d)la. It can also be shown that the 

locus IS upward sloping.*® 

It IS clear from figure 4, then, that h can be no less than (r + S)la at 
the start of Phase II And the trajectory must proceed smoothly from 
X = 1 to * = 0 with * < 0 everywhere, like path T", in figure 4, rather 
than form “mini cycles” like path Tj in figure 4 This is because (23) and 
(24) define x and h as functions of x and h only—that is, because x and h 
do not depend directly on either the state variables or the costate variables 
It therefore follows that {x, h) must be the same whenever {x, h] are But 
a path like Tj would have to cross itself—include two distinct points in 
tune with the same (x, A) and different (x, A)—which is impossible This 
IS an important result, since it shows that within Phase II, x(() is 
monotonically declining—a property which holds in the simple Bcn- 
Porath (1967) model and which is vital if human-capital theory is to 
account for the gross facts It also implies that within Phase II labor 
supply rises to a single peak and then declines 

Nothing can be said in general about the concavity of the x(t) profile 
However, we can use equation (23) to determine the concavity of A(/) 
Lotting R{h) s ~v"{l)jv'{l) as before, its time derivative is 

R{h)h = * - {h)^R\h) (27) 

(1 + ij(x)]-' 

Since the first term on the right-hand side is negative, A < 0 for utility 
functions with R'{h) ^ 0 

The behavior of potential wages, A'(/), can be displayed conveniently 
on the (x, A) diagram Since A/A' = ahx — d, the A = 0 locus (which 
exists only if ^ > 0) is the rectangular hybcrbola, hx = Sja, shown in 
figure 4 By showing that the intersection of the x = 0 and h = 0 loci 
(lalielod point A in fig 4) lies above this hyperbola, wc will establish 
that the peak in labor supply precedes the peak in human capital Point 
A IS defined by x and the h, which satisfies 

V } 


Proof Using th( definition of ii[x) and difTcrrnuaiing (2b) yirfds 


0 * rtA 


\ 'f- n{x) ^ ^ 
n{x) dx X (x)* 


Since jf*(x) < Of wc hA\c dhjdx \ x^Q > 0 

VV< must assumr a > r -i- ^ if there js lo be any training at aU 
** When < 0, (27) IS ambiguous a priori However, we already know that there 

a unique maKimum (where A bc 0)^ and it is clear that A < 0 in the neighborhood of 
this maximum 
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Fio 5—The age profiles of human capital, wages, leisure, work, and investment in 
a “normal” life cycle 

But = yip, so hx = yja = (r — p)/a + 5ja > dja when r > p So 
r ^ p IS sufficient though certainly not necessary for the peak in labor 
supply to precede the peak in human capital 

What about the peak in observed wages, W{t) = A’(<)^[sf(t)]’ Since 
W{t) = Kg'{x)x + g{x)K, and since g'(Ac) and x are negative while g(x) 
IS positive, the peak in observed wages (if any) must follow the peak in 
potcnual wages (if any) Of course, if ^ = 0, both actual and potential 
wages reach their peak at the Phase Il-Phase III switch point and are 
level thereafter 

Figure 5 summarizes our results It depicts the time profiles of labor 
supply, human capital, and observed wage rates in the four phases for the 
case y > 0, 5 > 0 The peak in observed earnings, h[t) must come 
between the peak m h and the peak in W, though its relation to the (>eak 
in K IS unclear If the 6 = 0 case is a good benchmark, earnings peak 
earlier than human capital 

Figure 5 shows wages and hours of work rising together at first (when 
wages arc low), then moving in opposite directions (when wages are 
higher), and finally falling together (when wages are again low). Once 
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again, we streu that thii has nothing whatsoever to do with income and 
substitution eflects—although cross-secdonal studies over diverse age 
cohorts might mistakenly identify this phenomenon as a backward* 
bending labor-supply function 

7. The Queetion of Cycling 

We now address ourselves to two important questions which have thus lar 
been avoided (a) When cycling arises, what broad charactenzations of 
the optimal path can be made’ (b) What meaningful conditions can be 
derived which exclude the possibility of cycling’ 

In Section 6 , we proved that the opumal trajectory can never cross 
Itself This result enables us to answer the first question, since it implies 
that cycles must be “expanding” as in figure 6 rather than “contracting ” 
Thus a cycling path can be broken down into several “quasi life cycles,” 
each beginning with a period of schooling (with the possible exception of 
the first) Since the contours of constant work effort look hkc blowups of 
the border of the retirement region (which is the special case A = 0 ), with 
higher contours connoting higher h, we see that the individual works 
harder during liis second “quasi cycle” than in his first Also, he spends 
more time in Phase II 

We can develop strong conditions which rule out cycles by considenng 
the minimum length of time required to complete a quasi cycle If this 
time exceeds the available life, T, then cycles arc impossible In particular, 
we focus on the last quasi cycle and let — age of starting last schoohng 
period, /, = age of starting last OJT period, = age of siarUng last 
work period, and <3 = age of ending last work period (possibly I 3 = T) 
These four points on the optimal trajectory are indicated in figure 6 
Consider first the length of the schoohng period, t, — tp Since we arc 
considering a cycling path, we know that^'* 

h{io) ^ yta = (28) 

a 

(see fig 6 ) Furthermore, we know from figure 4 that 

h(t,) ^ (r + S)ia (29) 

Finally, we know that opumal behavior implies that p'(l — h) grows 
at the exponential rate p in Phase 1 (sec eqq (18 1] and [19]) Thus 
we can derive a minimal time required to pass through Phase 1 which 
will depend on the rate of iinpaticncc, the elasticity of the marginal 

** Actually, we only proved dial ii could never crtM lUcIf in Phase 11 It u tniiai to 
prove ihis for the other phases as welt 

Note that no such statement can hr made about the schooling penod in setrajeetjory 
without cycling Thus the bound to be denved will not apply to “normal" life cycles 
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Utility function, and the parameters a, r, and 6 Specifically, since 
/(<o) '''(I - [y/^]) by (28), and ;(f,) 2 ; ii'[l - (r + (5)/a] by (29), 

we have 



The inequality in (31) follows if we assume, as in Section 6, that 
djdl [v"{l]lv'{l)] > 0 and provides us with a lower bound, S*, for the 
interval t, — Ig This lower bound increases as p falls 

It IS also intuitively clear that there must be some minimal period of 
work during which the benefits from schcxiling arc realized This is the 
idea of our lower bounds on the lengths of Phases II and III, which 
depend basically on the trade-offs embodied in the eamings-invcstment 
frontier To derive these bounds, we examine the behavior of the ratio 
0(t) s p{t)jp((), which IS the price of human capital in terms of 
consumption goods Using this definition, (|, and arc defined by 
(see fig 6) 


««(<i) = -<?'(!) 


(32) 
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(33) 

(34) 


ae(t^) = ~g'(0) 

eih) = 0 

It is easy to show that 

6 = {r + S)e - h[g(x) - xg'{x)] in Phase II 
d = {r + 6)0 — km Phase III 
First consider Phase II, where the solution to (35) is 


(35) 

(36) 


e{ty 


,-(r+SKI-<i) _ 


= 0M 




-(f 




Setting t = I 2 using (32) and (33), we have 




,-(r + S)(lj-»,) _ _ 


= -^'( 1 ) 




'h[gix) - xg’ix)] dr 


Now, replacing h(l) in the integral by 1 0 and replacing g(x) — xg'(x) by 
—^'(I) makes the integral strictly larger, so we have the inequality 


or 


> -/(I) + 


r + 6 ?'( 1 ) 


«)(f2- l|» 


Our lower bound on the length of Phase II, call it _/*, therefore satisfies** 

- - (r + .5) 

(37) 


y‘ = -^.og 


+ 6 


a — r — 6 


The bound depends on the parameters a, r, and 6 and also on the degree 
of concavity of the eamings-investment frontier * * Tastes are not involved 
since we obtained the bound by assuming the individual works as hard 
as he can 

Almost the same reasoning can be used to place a lower bound, H'*, 
on the length of the last Phase III Solving (36) explicitly gpvcs 

0 (<)^-tr+ 1 ) 11 -III ^ _ I + dr 


^ * It should be dear that ihr bound appli^ equally wril to the OJT period of a normal 
life cycle, since the only things assumed are that Phase 11 is preceded by Phase I ai>d 
precedes Phase 111 

** rhat IS, on how much smaller is than —g (!) 
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Letting ( == tj and using (33) and (34), we obtain 

-#'(0) ® a f" rfr < a f" a"''^*’**"** rft, 

Jri Jti 

since A(t) < 1 Thus —^'(0) < [a/(r + ^)] [I — or 


W* = —!— log- - - 

r + 5 a + g'iO){r + d) 


(38) 


Again, the bound depends on a, r, d, and the g{x) function 
Putting these results together, we find that there are bounds on the 
minimum lengths of Phases II and III which are independent of p, and 
there is a bound for the minimal schooling period which depends on p 
Let p* be the value of p, satisfying 5*(p*) — T — J* — iV* Then 
cycling IS certainly impossible for persons with p < p* Since we know 
that cycling is only a problem when p < r a sufficient (but far from 
necessary) condition to rule out cycling is r + <5 < p* The reader 
should note that the condition p <, p* rules out early retirement in the 
y > 0 case as well, since the bounds J*, and IV* apply here as 

well In a word, we will never get cycles if either p is "large” (i c , 
p St r -f (5) or p IS "small” (i e , p ^ p*) If p* < r + S, there will be 
an intermediate range in which cycling is possible 

It may be of interest to work out a numerical example of these bounds 
Suppose a, which would be the rate of return on human capital in the 
case of an infinite lifetime, is 8 percent, while r + <5 is 6 percent A simple 
form for the earnings-investment frontier is the quadratic g{x) = 

1 - Jx - Given these choices, (37) and (38) can be used to compute 
J* = 18 3, IV* = 78 From (31; it is clear that a facile choice of 
utility function is v'{l) = e ‘ For a rate of impatience of p = 02, (31) 
gives S* = 12 5 as the minimal schooling period Adding these, we find 
that a new cycle cannot start unless there are more than 38 6 years 
remaining 


8. In Conclusion 

We have presented a life-cycle model of the behavior of a utility- 
maximizing individual free to allocate his daily time budget among 
leisure, work, and education The main substantive conclusions arc 
listed tn Section 1 and depicted m figure 5 They need not be rehashed 
here 

’’ The reader it reminded that these are all weak lower bounds The actual amount of 
time taken by the last quasi cycle is thus slnctly greater (and probably considerably 
greater) than 38.6 years 
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Several generalizadoiu of the analyiii inunediately come to mind. More 
general forms of the human-capital production function could be tried, 
as could a nonsq>arable utihty function. Indeed, the list of at^guments of 
the utility function could be expanded to include human capital or, 
mdeed, nonhuman capital. More important than all these, we imagine, 
would be allowance for the capital-market imperfections that severely 
constrain the choices of those poorly endowed with financial wealth. 

Still, as long as we interpret the results as a benchmark around which 
there will surely be deviations (some systematic, some random), there are 
a number of interesting uses for the model 

First, it may be possible to do the usual kinds of comparaUve-dynamic 
exercises How would an increase in initial financial wealth alter the 
optimal plan^ What about an increase in iniual human wealth^ Is the 
optimal plan continuous with respect to these endowments’ How sensitive 
is the optimal policy to the rate of impatience—a taste parameter that 
presumably differs across people’ The reader can no doubt think of many 
similar questions While we suspect that most of these can only be 
answered under .specific functional forms for »(/) and g(x), some weak 
results may hold in greater generality 

Second, the model can provide the micro-foundation for a simulauon 
model of the income distribution along the lines of Blinder (1974) The 
chief conclusion of that work is that the distnbuuon of wage rales, taken 
there to be exogenous, is the principal contributor to income inequality 
The present model can generate that distribution endogenously, given 
assumed distributions of tastes and endowments, and thus can fill what 
IS perhaps the major gap in the positive theory of income distributions. 

Third, the long-run incidence of various taxes in a world with human- 
capital accumulation is virtually unexplored territory ** It seems feasible 
to incorporate some simple taxes—such as a linear income or wage tax— 
into the model and examine, either analytically or through simulation, 
the effects of these programs on the acquisition of human capital It 
could be that human investment responds to laxauon more substantially 
than do hours of work 

In a word, there arc a host of interesting and important quesuons which 
simply cannot be addressed by a life-cycle model which considers either 
labor-leisure choices or labor-education choices but not both By 
demonstrating the feasibility of handling both decisions together, we hope 
to have hastened the day when the piowcrful tools of hfe-cyclc economic 
theory will be brought to bear on these issues 


A preliminary discussion is offered by Boskin (I976| 

For example, irincome maximiradon is the posited goal, at proportional t«x (subsidy) 
on wages cannot possibly alter behavior 
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An Economic Analysis of Eminent Domain 


Patricia Munch 

RAND Corporatwn 


A theoretical analysis of land assembly with and without eminent domain 
concludes that, contrary to traditional assumptions, eminent domain is 
not necessarily a more efficient institution than the free market for con¬ 
solidating many contiguous but separately owned parcels into a single 
ownership unit In practice, prices paid under eminent domain may 
differ systematically from the “fair market value” standard, depending 
on court costs of buyer and seller Ev'idencc from urban renewal supports 
the hypothesis that, due to the structure of court costs, high-valued 
properties receive more than market value and low-valued properties 
receive less than market value 


Introduction 

Eminent domain (ED) is the legal right to acquire property by forced 
rather than by voluntary exchange When a buyer seeking to acquire a 
property has the power of ED, he must attempt to negotiate a voluntary 
sale But if his highcsi offer ts rejected, he may condemn the property, 
that is, obtain a forced sale at a price determined in a court of law 
In the United States, the use of ED is constrained by constitutional 
provisions at the federal and state level which typically require that 
private property only be taken for “public use” and only after payment 
of “just compensation ”* Enforcement of these constitutional provisions 
)s divided between the legislatures and the judiciary Legislatures— 
federal and state—have the right to grant ED power They typically 


1 would like to thank the memben of my thesis comnuttee, Profe8K>n George J Stiver, 
Gaf7 S Becker, and Ronaid H Coasc, for their guidance and valuable umgbta 1 abo 
benefited from the comments of an anonymous referee 

^ Generalizations on the legal aspects of £D arc based on Lewu (1909) and Nichob 

(1970) 
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grant it to a particular body or for a specific project, leaving to the 
discretion of the grantee the decision as to which parcels of land to acquire 
and whether or not to exercise its latent power of condemnation The 
mam role of the judiciary is to determine “just compiensation,” not to 
review the legitimacy of the taking of a particular parcel ^ Thus, ED is 
effectively a reassignment of property rights’ the seller is deprived of his 
right to refuse to sell and constrained in his right to bargain over price 
However, because of the just-compensation provision, the curtailment of 
private property rights implied by ED is less than that inherent in the 
taxing and regulatory powers of government In fact, ED may be 
interpreted as a limitation on the police power of the state against private 
property in real estate (Scheiber 1971) 

The growth in the use of ED over time suggests, if the survivorship 
principle may be applied to institutions, that ED reduces some component 
of costs to at least one party There are two, not mutually exclusive, 
possibilities (1) ED reduces total costs, permitting a net gam in efficiency, 
and (2) ED redistributes costs and therefore wealth 

If ED were a simple transfer of well-defined property rights, and if 
transactions costs under both property-right assignments were zero and 
wealth effects symmetrical, no change in resource allocation would be 
implied, according to the Coase theorem (Coase I960) ^ But in the 
sparse references to ED in the economic literature,* the converse is 
assumed without rigorous justification, at least with respect to use of ED 
for assembly Consolidation of many contiguous but separately owned 
parcels of land under one owner supposedly creates a holdout problem, 
with each seller having an incentive to hold out to be the last to settle 
and capture any rent accruing to the assembly Because of either monopoly 
prices of sellers or high transactions costs or both (since the buyer can 
trade off between the two), the free market results in a suboptimal amount 
of assembly being undertaken The next step in the argument, although 
not in logic, 15 that ED improves the situation 

A crude examination of the circumstances in which ED is actually used 
does not leave the impression that their outstanding common charac¬ 
teristic IS consolidation of ownership rights, which is nowhere mentioned 
as a necessary condition of the granting of ED power In practice, almost 
all departments of federal, state, and local government, many regulated 
industries, and government-related educational and medical establish¬ 
ments have some form of ED power in most states, regardless of whether 

* To contest ihe taking, as opposed to the pnees paid, the condemnee must prove that 
the condemnor has used his power ‘•unconstitutionally," “fraudulently," or “abusively ” 
The courts may, however, review the original grant of ED on the grounds that tt is not 
for a legitimate public use 

’ "Transaction costs” here include court costs It is questionable whether the 6nt 
precondition of the Coase theorem, exclusively assigned property rights, is met in most 
ED contexu, since the condemnor is usually a government-associated agency 
'Eg, Arrow (1970), Colean (1970), and McClotkey (1972) 
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they wish to acquire one parcel for a schoolhouse or campaign hcadr 
quarters or 1,000 miles of right-of-way for a freeway The outstanding 
characteristic of situations where ED is used is land acquisition by a 
government-related body, not consohdation of ownership rights * The 
two sets, although far from mutually exclusive, are not perfectly over¬ 
lapping Notable examples of industries in the Umted States which must 
assemble property, do serve the public, but have not themselves been 
granted ED are agriculture, private manufacturing, and suburban 
development * 

However, since the economic efficiency argument for ED rests on its 
comparative advantage over the free market in assembling separately 
owned parcels into a single ownership unit, this is the focus of the present 
study A necessary condition for ED to be an efficient institution is that 
the welfare costs, due to deviations between price paid under ED and the 
value of a parcel in its best alternative use, plus resource costs of 
transacting, be less than under alternative property right assignments 
After a brief theoretical comparison of the relative efficiencies of ED and 
the free market, a model of price determination under ED is desenbed 
and then tested with data from urban renewal in Chicago A comparable 
set of data from free-market assemblies was unobtainable However, 
theoretical considerations and the limited evidence available offer no 
support for the asserted efficiency of ED 


Theoretical Comparison of ED with Assembly m the 
Free Market 

Consider an area where there arc many homogeneous properties 
Assuming the market functions efficiently in transferring properues to 
their highest-valued uses, subject to imj>crfcct information and jxisitivc 

’ A distinction should perhaps be made here between grants of ED for which govern¬ 
ment relatedncss seems to be a necessary condition and actual exercise of the latent power 
by use or threat of use of condemnation proceedings It is possible ihal ED is more 
frequently exercised by bodies which have ihe laicnl power when assembly of manv 
parcels is involved I know of no body of data to test this hypothesis Two pieces of crude 
evidence tend to support the presumption that ED is most valuable in an assembly 
context (1) Although most government-related bodies now have the power, the earliest 
to acquire it were those engaged in assembly, e g , gristmills, canals, roads, and railroads 
(2) In terms of area taken, the most extensive current uses are for highways, urban re¬ 
newal, and the U S Army Corps of Engineers, all of which typically involve asiemblv 
(U S Congress 1965) 

‘ These industries, however, have presumably benehted from particular uses of ED 
e g , agriculture, from (he use of ED for drainage, gristmills, and railroads, and private 
manufacturing, from Ihe use of ED for highways Similarly, although only those urban 
renewal projects sponsored by a public agency are entitled to use ED, it nughl be more 
correct to identify the “user” of ED as the private real estate industry, to which land 
acquired under ED by the urban renewal authonties is ultimately sold at less than the 
acquisition coat. In other words, some puUic agencies may be, more or less, frontsctcated 
by private industries to accommodate the constituuonal “public uae” lequircment Thus, 
It may be misleadmg to identify ED with government-related agencies 
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search costs, the atomistic market reservation prices^ of current owners 
will form a distribution skewed to the right. Transactions will take place 
within a range around a mean market value, which will be below the 
modal value of the distribution Then, for purchases of randomly scattered 
parcels with an average amount of search per parcel, the supply curve is 
infinitely clastic at a price equal to mean market value The supply curve 
of contiguous properties to any buyer, however, is an increasing function 
of the number of parcels to be purchased in a given period, because of 
the rising probabihty of encountering owners not at the selling margin 
whose reservation price exceeds mean market value of the property * The 
supply curve of parcels for assembly is steeper the greater the dispersion 
of atomistic reservation prices of current owners in the market 

Figure 1 represents supply and demand conditions of a typical buyer 
for parcels for one type of project within the umverse of projects requiring 
assembly, for example, urban renewal or highways MCm is the supply 
curve of randomly scattered parcels, and MCa is the supply curve of 
contiguous propernes Both reflect atomistic reservation prices and social 
opportunity costs The slower the rate of acquisition, the flatter MCa, 
approaching MCm in the limit The demand curve is the marginal value 
product curve per parcel of a given size, as part of an assembly, for a 
given rate of acquisition and set of initial conditions with respect to 
number of buyers in the industry The slower the rate of acquisiuon, the 
lower the demand curve,* 

If the buyer cannot discriminate between sellers (because reservation 
prices arc not freely observable), and so expects to pay all n sellers the 
reservation price of the nth, MCa is the buyer’s average cost curve Profit 


’ “Atomuuc market reservation pnee” a defined as the reservation price of a seller to 
a buyer whom he did not suspect of planning an assembly 

‘ Auume that assembly involves drawing a sample of size n from the distribution of 
aiomuUc reservation pnccs Let F, denote the ith order stalisiic of this sample, 1 e , 
y, < K, < < y. The height of the MCa curve, the supply curve of contiguous 

parcels, at n parcels is (he expected value of the nih-ordcr statistic from a sample of size n 
For any point 1 between the origin and the point n, the bright of MCa measures the 
expected value of Y, Stnctly, there is a diflerent MCa curve for each sample size The 
precise shape of the curve is not important It is sufficient to establish that it is upward 
sloping This follows from the fact that for many density funcuons, e g , normal, gamma, 
and exponential, the expected value of the nth order statistic has the following form 

E{r.} - ff + P{n)a, 

where 6 =‘ mean of underlying distribution, a » standard deviation of underlying 
distribution, and The exact form of ff{n) depends on the 

specific distribution 

’ If the project has some minimum feasible size, the demand curve will be discon¬ 
tinuous at the corresponding number of parcels (f assembly of dispersed ownerships into 
one urut permits the internalization of externalities, there may be increasing returns to 
scale, implying an upward-sloping demand schedule over an iiutial range The shape of 
the demand curve may affect the coiKlusion but not the method of analysis of the re¬ 
spective welfare coMx of the free market and ED 
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Fiq 1 —Welfare coju of a»scmbly with and without eminent domain 

maximization implies Qa parcels will be bought A resource misallocation 
cost equal to the triangle W is implied Renu accrue to the buyer and 
to intramargmal sellers 

In the absence of barriers to entry by other buyers and sellers on 
alternative sites, these quasi-monopsomst and scarcc-factor rents cannot 
persist in the long run Competition among buyers, attcmpnng to capture 
the rent which accrues to intramargmal sellers in the absence of discrim¬ 
ination, will lead to the development of techniques to discover true seller 
reservation prices This is facilitated by compcntion among sellers on 
alternative sites The incentive to conceal atomistic reservation price 
exists only if substitutes arc not available at competitive pnccs 

With competition on both sides of the market, seller reservation pnccs 
to an assembler will be no different from atonusuc reservation pnees 
This implies that MCa is the cffccuvc marginal cost curve The profit- 
maximizing number of parcels f>cr project is Qc This is consistent with 
the criteria of social optimality, although it is less than Qtd at the 
intersection of the MVP curve with the market supply curve of isolated 
parcels, because the social opportunity cost of contiguous properties 
exceeds the social opportunity cost of the same number of randomly 
scattered propicrtics 

In the absence of perfect substitutes for a particular site, a rent exists 
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that IS potentially capturable by the owners of land. However, a holdout 
problem, as distinct from a monopoly problem, is implied only if the 
rights to the rent are not exclusively assigned For example, if uniqueness 
IS obviously specific to a particular parcel, the rent will accrue to its 
owner, and there is no reason for the owners of other inputs to raise 
reservation prices above atomistic market level. In general, there may be 
less than perfect substitutes for many or all parcels in a group, that is, for 
the ith of n parcels in a group. A, there exist alternative parcels which 
may be substituted for it at a cost to the assembler x, percent higher, 
where x, may vary across the n parcels If each seller in set A anticipates 
that sellers of the alternative parcels will settle at their atomisQc 
reservation prices and that other sellers in set A will settle for not less than 
their share of the rent as defined by substitution possibilities, prices and 
shares of the rent are determinate Assembly is characterized by monopoly 
prices (or rents to superior factors), but it is misleading to speak of a 
holdout rather than a monopoly problem, since changing the unit of 
ownership is immaterial 

A distinct holdout problem, specific to assembly, arises only if at least 
one seller anticipates that others will settle for less than their “share” of 
the rent and therefore tries to capture more than his “share,” up to a 
maximum for any one seller of the entire rent net of competitive prices 
for other inputs Moreover, the existence of a potential rent, due to lack 
of perfect substitutes, may occur in assembly even though there arc 
physically equivalent sites for a particular project For competition to be 
cffecDve, subsUtutes must be available at competitive prices throughout 
the negotiation process But assembling many ownerships is typically a 
sequential process, because transacting is time consuming When some 
parcels on site A have already been acquired, in negotiations for the 
outstanding parcels, site B, assumed physically equivalent, is a less than 
{jcrfect substitute unless the expected cost of B gross of transactions costs 
IS no greater than the expected cost of the remainder of A gross of 
transactions costs plus the resale value of parcels already acquired on A 
net of transactions cost Thus, the costs of negotiating many contracts and 
of uncertainty as to prices, rather than physical availability, may limit the 
operation of competitive forces in an assembly context The implied 
potenual rent to outstanding parcels on a particular site when some have 
already been acquired creates an incentive to hold out ' ° 

In conclusion, a problem which is specific to the assembly of several 
ownerships into a single unit arises as a combinahon of a monopoly and 
free-nder problem If a particular site is physically unique, rents will 
accrue to current owners as to any scarce factors Even in the absence of 


The options contract is a method of maintaining competitive preaiuret throughout 
the negotiation process 
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physical uniqueness, assembly may create a potential rent to the last 
parcels to settle, due to transactions costs and uncertainty as to prices of 
alternatives. Even if property rights arc sufficiently well defined for the 
market to function efficiently when changing the unit of ownership is not 
in question, the nghts to any rents generated by changing the umt of 
ownership may not be well assigned, since reservation prices arc not 
freely observable and there may be uncertainty as to prices charged by 
other sellers This creates a type of free-rider problem, each party having 
an incentive to try to capture more than his atomistic rcservaUon price 
for his input, on the assumption of asymmetncal behavior by other 
parties. 

Where rents are attributable to physical uniqueness, they are no 
different from rents to scarce factors No resource misallocation is imphed, 
but assembly may entail a welfare cost not generally associated with 
scarce factors if the rent is dissipated in bargaining over its distribution 
However, where potential rents arc attributable solely to the transactions 
costs of maintaining competitive pressures, assembly entails resource 
misallocation and welfare costs similar to those implied by the monopwony 
solution in figure 1 If holdout behavior is anticipated, MCa, reflecting 
atomistic reservation prices, is no longer the relevant marginal cost 
curve Exjjcnditure on devices to circumvent or eliminate the incentive 
to hold out will be incurred Such devices include concealment of the 
identity of the buyer, the purpose and extent of the planned assembly and 
pnees paid for parcels, and the use of brokers and special contractual 
forms, such as options or uniform pnee contracts The optimal level of 
such expenditure defines a new MC curve, lying above MCa but not 
necessarily equal to MCb, and a new frec-market level of output and 
welfare cost, which may exceed or fall short of W in figure 1 ’ * The 
expenditure on transactions to avoid the holdout problem represents an 
additional waste due to assembly, if efficiency is defined relative to the 
zero transactions cost situation 

If the free market lends to produce suboptimal-sizcd assemblies, the 
ED “just compensation” standard mav have the opposite effect Just 
compensation is defined as “fair markd value” exclusive of the value to 
this particular seller If enforced, this implies prices equal to MCm in 
figure 1 If the demand curve is assumed unchanged, optimal output, at 
Qed, is excessive Fixing the price at the market average understates the 
social opportunity cost The welfare cost, given by the triangle B, may 
be less than or exceed W 

Note that the welfare costs of ED are likely to be high in precisely those 
circumstances in which the market is inefficient, that is, where seller 


'' The various devices develofied in the free markei to circumvent the holdout prohlem 
arc discussed in Munch (1973) 
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reservanon pnces are dispersed, implying «n ine^tic loeiftl oftportuaity 
cost curve, MCa, and high transactions costs of disciiminatiiif between 
sellers A similar symmetry exists m the absence of transactioni colts. In 
the free market, the buyer would discriminate along the MCa curve. 
Under ED, if the expected court award, MCm, were less than MCa, the 
value of the parcel to the seller, he would offer the buyer the difference 
to prevent the taking of the parcel Then MCa would be the effective 
marginal cost curve to the buyer, and the pro/it-niaximizing output level 
would also be socially opumal. Thus, with zero transactions costs, both 
the free market and the ED assignments of property rights yield an 
optimal result Since transacting under both regimes is not costless, the 
efficiency conclusion on ED relative to the market is theoretically 
ambiguous, even if fair market value is paid 


Price Determination under ED 


Constitutional dictates notwithstanding, since fair market value is not a 
freely observable datum, both buyer and seller will invest in searching for 
the most favor.-ible price, and the outcome may differ systematically from 
fair market value, depending on the costs of and returns to search for the 
two parties For both, the opumum search strategy implies setting a 
reservation price for settlement out of court which maximizes expected 
wealth, net of transactions costs, over the two alternatives, settlement in 
or out of court 

Price determination under ED may be formulated by the following 
reduccd-fonn model 


5* = 

S’ = S’, 

= C\PJ, 

C’ = E[k{P, - PJ], 

P, = P„ - A‘(C‘) + ¥{€’) +v;v~ [0, <t^„{PJ], 
E{P^)‘' = P, + w, u; ~ [0, tr^fPJJ, 

E{P,y ^P, + z,z^[0, «ri(P„)], 

p“‘ = EiP,y + (c* - s"), 

pmln ^ 

p™. - P”'" = £(PJ* - £(P^)‘ + c" + C’ - S" - S’ ^ 0, 

Pv = i(^r‘ + P?'") 

= + E(P.Y] + il(C* - 5'*) - (C' - S’)] 

= P, + i[AC‘ - AC*], 


(1) 

( 2 ) 

(3) 

(4) 

(5) 

( 6 ) 

(7) 

( 8 ) 
(9) 

( 10 ) 

(U) 

(11') 
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where m buyer’i cows of out-of-court aettlement, C* » buyer’s court 
costs, S’ ■ seller's costs of out-ofeourt settlement, C* » seller’s court 
costs, AC* ■» C* — J*, AC* SB C* — iS*, /*, SB price awarded in court, 
“ buyer’s cxpectauon of court award, £(/*,)' « seller’s expecta¬ 
tion of court award, * market value, /*“' ss buyer’s maximum 
offer in out-of-court negotiations, P"*” = seller’s minimum ask price in 
out-of-court negotiations, P„ ss pnee determined voluntarily in out-of- 
court settlement, and v, w, z = stochastic error terras All variables are 
measured relative to market value 

Equations (1) and (2) state that settlement costs are a constant 
proportion of market value Equation (3) makes buyer court costs a 
variable function of market value Equation (4) states that seller court 
costs are the expected value of the attorney’s fee, which, in a contingent 
fee contract typically used in ED cases, is some fraction of the difference 
between the court award and the buyer’s final offer 

Equation (5) desenbes the determination of price in court Any 
systematic deviation ol court award from market value is the result of 
expenditure by both parties on court inputs and the function A*( ; and 
A’( ), which relate this expenditure to influence on court verdict 
Equations (6) and (7) stale that both parties have unbiased cxpeciauons 
of court award, with random errors having zero mean and variance a 
function of parcel value The assumption that expectations arc unbiased 
IS plausible if both lure legal counsel with experience in the field of 
condemnation 

Equations (8) and (9) state the upper and lower bounds, respectively, 
on offer and ask prices consistent with wealth maximization ** Equation 
(10) IS a necessary condition for settlement out of court, that is, P”** ^ 
P™‘" Rearranging terms produces 

(C - s’) + (C’ - S’) > K{P,Y - E{P,)’ ^ Z - W 

Thus, settlement out of court requires that the sum of the incremental 
costs due to going to court exceed the difference between the seller’s and 
buyer’s expectations of court award Note that this is indepicndent of the 
assignment of liability for court costs 

Equation (11) describes the determination of pnee in an out-of-court 
settlement It makes the simplest assumption that the parties split the 
difference between P™** and P"'" The subsequent analysis applies if \ is 
replaced by any positive fraction, to reflect “unequal bargaining power,’’ 
and the A m equation (II’) omitted, since settlement costs are assumed 
to be an invariant fraction of market value 


‘ * Actual final offen and aski may lie within tbew boundi, depending on each party's 
aucasment of the probability of going 10 court 
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The Alternative Hypotheses 

Given this model, one set of sufficient conditions for prices •^aid under ED 
to approximate market value with random errors is the following' (i) 
Anticipation of ED does not affect market value prior to the filing of the 
pcution to condemn It is fair market value as of the date of filing the 
petiuon to condemn that the courts are instructed to award The timing 
of filing IS at the discretion of the condemnor ( 11 ) that 

IS, buyer and seller court costs bear the same functional relaUu to market 
value (ill) 5* = (iv) A*( ) = A*( ), that IS, the returns to court 
expenditure are the same for buyer and seller 

These condidons yield the null hypothesis that prices paid under ED 
approximate market value with random errors, regardless of whether the 
price IS negotiated voluntarily or awarded in court An alternative 
hypothesis may be generated by incorporating into the model the 
following assumptions based on economic theory or empirical evidence 
from urban renewal in Chicago ( 1 ') Anticipation of ED tends to depress 
market value ED implies a loss of use rights associated with the projjcrty, 
in particular, effecuve loss of the right to refuse to sell and greater 
uncertainty of lease duration, since condemnors have special rights to 
terminate leases Thus, anticipauon of ED would tend to depress market 
value, celtrts panbus ‘ ^ ( 11 ') that is, optimum expendi¬ 

tures on court costs are not the same for buyer and seller 

Optimum expenditure on court costs depends on the costs of and 
returns to hinng legal “inputs” and constraints on choice of quality and 
quanUty The buyer in condemnation cases is typically constrained by 
statutory requirements on the use of legal personnel Thus, the Depart¬ 
ment of Urban Renewal in Chicago is represented in all court cases by 
the City of Chicago’s corporation counsel and is required to obtain at 
least two independent appraisals in each case. The seller, on the other 


' ’ If at tune la, condemnation is anticipated at some future dale, the present value 
of the property at is 




0 


E{PQ ^ J. I - (I + r)-» 

(' + r)' r 


where E[Pt,) expected pnee obtainable at under ED and R value of service 
stream denved from property from Iq to 1, Uncertainty as to the value placed by the 
courts on maintenance expenditure may reduce the optimum maintenance program and 
reduce R, if the property is rented, this will be exacerbated by a reduction in the demand 
for leases because of uncertainty as to duration Thus, even if the courts award the market 
value of the property, measured as the present value of its expected income stream at /, 
when condemnation is filed, this PV,^ will be lower than it would have been m the absence 
of anticipated condemnation This may be oflset by defensive expenditures on “improve¬ 
ments” that are valued by appraisers and the courts higher than they would have been 
by the market, or by arranging dummy sales at inflated pnees to be used in court as 
evidence of market value Thus, the net effect of anticipation of ED on property value is 
ambiguous a pnon However, since the properties acquired for urban renewal in Chicago 
are predominantly rented, the former negative effect is expected to dominate 
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hand, presumably adjusts the quality (or implicit hourly wage rate)'^ of 
attorneys and witnesses commensurate with the stakes of the case 

However, on the other dimension of court expenditure—hours per 
case—it seems likely that the seller faces greater constraints than the 
buyer. Handling any case requires some minimum number of hours of 
apficarance in court independent of the value of the property being 
litigated This number of hours times the implicit hourly wage rate of the 
lowest-quality lawyer represents a minimum fixed cost of going to court 
for the seller The buyer, on the other hand, may have greater flexibility 
in reducing hours per case because of the possibility of grouping several 
similar parcels in one case The possibility of spreading the fixed cost of a 
court case over several parcels is available on equal terms to sellers only 
if the costs of negotiating to hire the same lawyer are zero 

If we Ignore for the moment constraints on hours per case, constraints 
on the buyer’s choice of quality of lawyer will have the effect of raising 
the buyer’s expenditure on low-valued properties and lowcnng it on 
high-valued properties relative to the seller’s expenditure The effect is 
illustrated for low-valued properties in figure 2 

Figure 2 represents the costs and returns to hours per case for the buyer 
and seller The null-hypothesis supply and demand curves, Sq and Dq, arc 
drawn on the assumptions that both parties face unconstrained choices, 
that both correctly anticipate the other’s behavior and adjust accordingly, 
and that courts are neutral Both would have identical exf>enditures, 

fTo/fo 

The curves 5, and Z), are drawn on the assumption that the buver is 
constrained to employ above-optimum-quahty lawyers at a higher wage 
rate, IT, Assuming the seller's choice of quality unchanged at Wq, the 
buyer’s lawyers will be relatively more effective, implying an upward 
shift in the buyer’s returns-per-hour curve and a downward shift in the 
seller’s returns-per-hour curve to £), Thus, the effect of the constraint is 
to raise buyer expenditure on court influence above that of the seller 
> H’o/y,) Given the buyer’s constrained choice, it may be 
optimal for the seller to raise quality above M q But this need not result 
in an equal level of expenditure If quality levels were equalized at W^, 
the returns curves would shift back to the curves representing returns 
to equal-quality hours Optimal-hours input would be ff, Thus, the same 
court outcome would be achieved with a more quality intensive input 
mix But if hours per case arc not flexible downward but arc constrained 
at some minimum above the higher-quality law-ycr would require a 
higher fraction ot the award, implying a downward shift in the seller's 
demand curve, and reduced expenditure 

'* Although on the srllcr’s side the Tonn of coniracl ii typically a conungmt fee or 
share contract, not a fixed hourly wage contract, ihe seller can \ary the implicil hourly 
wage rale and hours per case indirectly by choice of atlorney and by varying the 
attorney's share of the final avord 
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Seller 

Fio 2 —Expenditure on court inputs 


Thus, constraints on reduction in quality of legal inputs by the buyer 
and on hours per case for the seller will tend to result in the buyer’s 
expenditure on court costs exceeding the seller’s on low-valued properUes. 
For high-valued properties, the quality ceiling produces the reverse 
effect. The hours constraint is inoperative. 
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A third force tending to produce the lame result is the existence of 
economies of scale for the buyer. Court recognition of precedent implies 
an outward shift in the retums-per-bour curve for parcels which are 
sufficiently homogeneous for a precedent effect to operate. In the urban 
renewal sample, homogeneity, and hence the buyer’s relative advantage 
due to precedent economies of handling many parcels, is expected to be 
greater on low* than on high-valued parcels. Again, transactions costs arc 
assumed to prevent sellers from enjoying these scale economies to the 
same degree 

These assumptions about the structure of court costs and returns imply 


C* > C* on low-valued propierties, 


dC>‘ 



0 


Incorporating into equations (5) and (11') yields the alternative 
hypotheses 

1 ) P, < on low-valued propierties, 

dP, _ -d[h\C^)] d[ff{C')] 

dP. dP„ dP^ 


Thus, in the absence of any court bias, high-valued piarcels will tend to 
receive a higher fraction of market value in court than will low-valued 
parcels 



Prices reached voluntarily in out-of-court settlements nse less, relative to 
market value, than do court awards 


Empiriesd Evidence 

The empirical estimates of the relationship between ED pnees and market 
value are based on land acquisitions by the Chicago Department of Urban 
Renewal for three large projects during the pienod 1962-70 * * The data 
obtained from HUD consist of final price paid (Ped), assessed value for 
tax purposes (TA PL), and date of acquisiuon (DA TE) for all parcels. In 
addition, for all parcels in two of the three prqjecu, method of acquisition 
—voluntary settlement or court—is known In order to comptare price 
actually paid with market value, an estimate of nnarket value wm derived 
for each piarccl in the £D sample The procedure used was to estimate a 

' * The projects are Southeast Englewood, Near WcM Side, and Lincoln Park 1. 
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ED Saumji SimDiviDCD av Zome 
((-STATV nC M PAUNTHCm) 



A RsoREMIONi or Ptd 

B Reokeiiiomi of Pm 

Zone 

C 


A‘/6EE* 

C 

Ptd 

A*/SEE* 

M 

-11 2807 

2 20652 

6437 

6 60185 

0 291745 

6437 

n - 202 

(-10 4540) 

(19 0102) 

( 430314) 

(46 493) 

(1901) 

(0 15647) 

AS 

-2 71576 

1 27976 

1476 

8 40721 

0 115344 

1476 

n m 192 

(-1 28492) 

(5 75121) 

(6%318) 

(44 2836) 

(5 75124) 

(0 209045) 

C 

-6 01600 

1 64972 

2363 

8 20651 

0143216 

,2363 

n » 232 

(-3 1975) 

(8 43511) 

( 70775) 

(48 909) 

(8 43317) 

(2 0853) 

B 

-9 5534 

1 99433 

6003 

6 77291 

0 301006 

6003 

n =■ 147 

(-7 24648) 

(14 7574) 

( 48559) 

(33 465) 

(14 757) 

(0 188652) 






Pm^i 

Pddmax 

A4 

6,180 

2,920 

11,272 

9,200 

35,260 

135,000 

AS 

6,464 

4,985 

13,619 

13,000 

22,100 

24,200 

C 

7,729 

6,340 

15,449 

20,100 

28,300 

53,700 

B 

9,045 

5,515 

17,951 

22,100 

36,600 

98,800 


Nor* —Definition of varublet 

(mtn) \ mmimuni 1 ettimaied market Adfminf 

(mean)] •• mean ] uluee from fed (mnan; 

(max) I maximum I Pm • Xfdp Pedimax) 

* SLE m Rtandard error of eatimate 


predicted ED pricca given Pm 
rt^imom j legteaeioo coeIBcienia 

ettimaterC from regnBKm of 

maximum) 


relationship between market value, assessed value, and several property 
characteristics from a sample of properties sold on the free market in 
areas of Chicago similar in character to those where urban renewal 
projects have been undertaken “ The estimating equations used are the 
last four reported in table 1 The coefficients obtained were then applied 
to data on the same explanatory variables to generate an estimate of 
market value, P^, for all parcels in the ED sample 

Table 2 reports the results of ordinary least-squares regressions of price 
paid under ED on estimated market value Since the equation is esumated 
in logarithmic form, the null hypothesis predicts a zero intercept and 
coefficient of unity on P^ The evidence strongly supports the altcrnauve 

The market sample consists of property sales in Queago over the period 1968-72 
in the Community Areas (as defined by the 1960 cenius) in which some urban renewal 
project has been located Sample sue consideraiions dictated drawing from a much larger 
area than that covered by the ED sample* which includes only three of the 20 or 
more urban renewal sites Theoretically, ii is appropriate to draw the marhet sample 
from areas similar in character to the ED sample but not sufficiently close to actual urban 
renewal sites for property values to have been affected, since ED compenaatton is not 
supposed to reflect value of the property to the buyer In practice it was (bund that 
private market sales in the immediate vicinity of urban renewal sites were very ^larse, so 
contanunaaon of the market sample by the effecu of urban renewal ^lould be minimal 
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hypothesis, that low-valued properties receive less than market value and 
high-valued properties receive more than market value.*’ 

To test the plausibility of the results and obtain an idea of the order 
of magnitude involved, the mean, minimum, and maximum were 
calculated for each zoning class and compared with the correspionding 
values implied by the regression equations for ED prices The exact 
results vary across zones, but the generalization that ED is a tax on 
low-valued and a subsidy on high-valued properties holds for all zones 
As a rough approximation, a $7,000 parcel receives about $5,000, a 
$13,000 property breaks even, and a $40,000 property may get two or 
three times its market value 

The regressions in table 3 are designed to investigate which propierty 
characteristics arc associated with deviations of ED price from market 
value [PDIF = Ped — Pm) If deviations of ED prices from market value 
were due solely to factors common to all properties of a particular value, 
the coefficients in the PDIF equations should be insignificantly different 
from zero The consistently positive coefficients on TAVL are surprising 
if accurately incorporates all of the systematic relation between 
tax-assessed value and market value A possible explanation is that either 
appraisers or the courts treat assessed value as an indicator of market 
value and fail to recognize that component of actual assessed value which 
is a deviation from the average market assessment ratio and which would 
be capitalized into property value in a free-market sale because of the 
effect on tax liability This would imply a coefficient closer to unity for 
the ED than for the market sample, which is in fact found * * While there 
may be some validity to this explanation, it is insufficient alone to account 
for the evidence on deviations of ED pnccs from market value If courts 

' ’ Thu esumate u no doubt affected by, but^cannot be readily explained away in 
irmu of, either random or syitematic error in r. The purpose of uimg a predictive 
cquauon for P„ u to control for any aystemaUc vanaUon acrou properties in the raUo of 
auessed value to market value, and hence avoid a systematic bias in the estimate of 
market value that would exut if assessed value, alone were used as a simple proxy for 
maiitet value Systemauc bias in the predicted may nonetheless exist, since measure¬ 
ment error in the explanatory variables of the prcdicUvc equaUon will lead to biased 
estimates of the coefficient vector used to predict P^ The direction of the bias is not 
known, however, in the case of a multivanale ordinary least squares regression with 
errors in more than one independent variable Assuming that the errors in P^ are additive 
in the logarithmic specification and uncorrelatcd with either the true values or the 
stochastic disturbance lem m the relation between ED pnee and true market value, 
then a lower bound on the uw value of the slope coefficient is given by the estimate 
obtained by regressing P,^ on E. (set A in lable Z) and an upper bound by the reciprocal 
of the coefficient obtained by regressing on P,^ (set B in table 2) Both exceed unity 
However, if the assumptions with respect to the error structure in P^ arc not met, this 
test does not yield bounds on the true coefficient In the absence of knowledge of the 
direction of bias m P^, nothing can be said a prion about the direction of potential bias 
in the esamated relation between ED pnee and market value 

' * The total coefficient on TAf'L u the sum of the coefficient of the PV/P equations 
(cable 3) and that from the market equations (table 1) used in calculating P^, 
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were giuded solely by assessed value, there would be no reason for sellers 
to engage lawyers and appraisers to defend them in court Moreover, the 
adherence-to-assessed-value hypothesis cannot account for the divergence 
between the pattern of court awards and settlement prices in relation to 
market value predicted by the court-costs theory and confirmed by the 
e\adence discussed below. 

Other variables of interest are TEN, the number of tenants with listed 
phones, and DATE, the date of acquisition, measured in months from 
earliest observation in each location 

In the market sample, TEN, the number of tenants with listed phones, 
is expected to measure a combination of tenant capacity and current 
occupancy If tenant capacity and potential income vary among structures 
to an extent not fully captured in assessed value, the jiositivc coefficients 
observed in the predictive equation for the two residential zones are to 
be expiected The significant positive coefficients on TEN in three of the 
four PDIF equations then suggest that high capacity or occupancy rates 
have a greater impact on ED awards than on free-market prices If it is 
the case that anticipation of ED reduces occupancy rates due to 
uncertainty of lease duration and compensability of improvement and 
maintenance expenditure and that this is reflected in lower ED awards, 
then ED creates an incentive for the buyer to delay acquisition or hold 
out to depress prices analogous to the seller’s supposed incentive to hold 
out in the free market * * 

However, if the effect of ED, whether intended or not, is to reduce 
occupancy rates below normal, then the observed number of tenants will 
measure with error the potential rental capacity of properties in the ED 
sample Then the positive effect of rental capacity on market value will 
be biased down in the estimates of market value If courts respond to 
potential rather than actual occupancy, a positive coefficient on TEN in 

’ ’ Residential buildings are predominantly tenant occupied in urban renewal areas 
of Chicago, with average penod of occupancy 1-3 years Aniicipalion of the effecl of ED 
by sellers presumably includes awareness that high vacancy rates may depress ED prices 
Thu would create an incentive to maintain occupancy rates by lowering rental charges 
The extent to which such defensive behavior by sellers is a good investment depends on 
the relative magmeudes of the pnee elasUcity of demand for leases, the reduction in 
demand for leases due to uncertamty as to duration, and the elasticity of ED prices with 
respect to number of tenants and rental rates An upper bound on the estimated effect 
on ED pnee of an increase by one in the number of tenants lies between 5 and 10 percent 
As a rough calculation, at the point of means for the court sample (table 5), an increase 
tn the number of luted tenants from one to two would raise ED price by $600-31,200 
For any individual landlord, the demand for leases u likely to be inelastic, since he cannot 
asnime other landlords will maintain higher rentals as he reduces his if anticipation of 
ED IS widespread in the neighborhood The lets elastic the demand curve, the greater the 
reduction in rental rates required to increase the number of tenants, and the greater the 
loa in rental income over the interim between anticipation of ED and filing the petition 
to condemn Thus, stocking up with tenants in anticipation of ED is only likely to be 
profitable if the demand curve u clastic, or, if inelastic, where the expected delay u short, 
so that loss of rental income is less than expected gam in ED price 
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the PDIF equations may be expected Given this potential for crrors-in- 
variables bias if the effect to be measured in fact exists, it seems, in 
principle, not possible to measure the holdout incenuves of buyers to 
depress occupancy and hence prices under ED in the absence of better 
data on potential rental capacity 

The coefficients on the DA TE variable only support the weak conclusion 
that there is no evidence that ED holds down the nse in prices over the 
duration of the assembly. The coefficients must be interpreted as the 
difference between the monthly rate of inflation in the market and ED 
samples, smcc the former was incorporated into (except in Rb, since 
for this zone DATE was insignificant in the market sample) But the 
market rate of increase of property values differs across the city at any 
point in time and over time The average market rate of inflation was 
probably less in the early 1960s, from which roughly half the ED sample 
was drawn, than in 1968-72, from which the market data were drawn 
Therefore, ignoring interarea differences, the null hypothesis that ED 
prices follow the same pattern over time as the market would imply a 
negative coefficient on DATE in the equations for PDIF The size should 
be the difference between the monthly market rate of inflation in 1968-72 
and 1962-65 weighted by the proportion of the ED sample drawn from 
the earlier period Taking 5 percent and 2 5 percent as the average annual 
rates for the two periods, weighting the difference bv 0 5 yields a rough 
estimate for the expected coefficient on D.dT'E of -0 001 Of the esUmated 
coefficients, two exceed and two fall short of this benchmark for the null 
hypothesis To the extent prices under an assembly in the free market 
would rise faster over Ume than the market average due to the holdout 
problem, the conclusions arc more favorable for ED 

The second propiosiuon to be tested is that prices are the same fraction 
of market value for parcels settling in and out of court, against the 
alternative that high-valued parcels receive a higher price (gross of court 
costs) relative to market value in court awards than in voluntary settle¬ 
ments, because court costs or expenditures fall, rclauve to parcel value, 
more for buyers than for sellers 

The Southeast Englewood and Near West Side samples, for which there 
are data on method of settlement, were pooled and divided into subsets 
according to whether the price was awarded in court or agreed on m 


It may be shown that the predictions of the altemauve hypothesis of the model of 
pnee determination, 
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voluntary negotiations The results arc reported m table 4 The regressions 
were run in both directions to estimate bounds on the true coefficient, on 
the assumption of additive measurement errors in both variables when 
the equation is estimated in logarithmic form 
Companng equations (2) and (3) in table 4 in the regressions of Ptd 
on P^, we find that the intercept is lower and the coefficient on P^ higher 
in the court set than in the voluntary set The difference is statistically 
significant by a Chow test This evidence tends to refute the null hypothesis 
and support the alternative of greater regressivity in court A similar 
conclusion is implied by the regressions of P^ on Ped However, if these 
two sets of estimates are treated as bounds on the true coefficients, the 
ranges overlap 

2 645 < < 4 87, I 475 < /?„ < 3 81, 

where is the coefficient on P^ in the court set and is the coefficient 
in the voluntary set The hypothesis that the true values arc equal can 
therefore not be firmly rejected 

Table 4 also reports estimates of the same equations with the sample 
subdivided into low- and high-valued piarcels, the division being made at 
$12,000, which is close to the mean for both court and voluntary sets The 
purpose IS to test the possibility that the true rclauon is nonlinear and 
that differences in the estimated coefficients for the court and voluntary 
sets arc attributable to different frequency distributions of j>arccl values 
for the two sets The evidence does not support this conclusion 

Two indirect tests of the reasonableness of the model of price deter¬ 
mination may be pierformed with these estimates First, cost mimmizauon 
for the buyer requires that P, < £(/*,)* -t- C*" Both E(Pf)^ and C* are 
unknown However, an estimate of the lower bound on E{P^)* is given 
by P^, observed court award for a propierty of equal market value It is a 
lower bound because the voluntary set will not be a random drawing from 
the distribution of parcels but will tend to “select” those parcels on which 
the buyer overestimated the court award and thus offered a high pace 
relative to the seller’s minimum ask (assuming errors in buyer and 
seller expectations arc not positively correlated) Then cost miiumization 
requires that 

E.. - P,< EiPr)" - P, + C\ 

that IS, the difference between the regression estimates of settlement price 
and court award for a property of a given market value is a tower bound 
on the sum of the buyer’s error in predicting court award and his court 
costs At the sample mean of $12,000, = $3,000, which seems 

not unreasonable 

The second test utilizes the assumption that pnccs reached in voluntary 
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TABLE 5 

SUMliARY STATOTItS Or VAMABU* tOU COURT AND VOLUNTARY SsTt 


Variable 

Mean 

Court 

Antilc^ 

Mean 

Variance 

Mean 

Voluntary 

Anttlog 

Mean 

Variance 

Ptd* 

9 15617 

$9,475 

100027 

9 57907 

14,450 

0 404433 

TAVL* 

8 16021 

3,495 

0 988743 

8 34385 

4,250 

0 590253 

An* 

9 35127 

11,550 

0 080279 

9 58721 

11,950 

0 070708 

DATE 

9 64748 


18 3693 

7 9629 


26.3488 

DC 

0 10791 


0 09696 

0 07407 


0 068642 

TEN 

1 07914 


1 986 

1 8444 


3 90136 

VAL 

75 1439 


683 312 

71 8333 


634 080 

* Arithmetic mean of logi 

■> geometric mean of Absolute numbers 




Anthcnetic Mean 

Variance 

Arithmetic Mean 

Variance 

Ptd 

Pm 


15,1996 

11,9806 

0 335601 
EDO 
0 118874 
EOS 


17,881 7 

12 365 8 

0192506 
E09 

0134233 
£06 


settlements are the average of minimum offer and maximum ask, which 
reduces to 

/>, = P, + i(C‘ - C‘) 

Three thousand dollars, the difference between settlement pnee and 
court award for a mean-valued property, seems excessive as an estimate 
of half the difference in court costs However, again the model may be 
salvaged by selectivity bias considerations 

The voluntary set will comprise two groups of parcels, A and B, on 
which the buyer overestimated and the seller underestimated, respectively, 
the hyjjothetical court award on a parcel which settled out of court 
Assuming uncorrelated errors, for set A 

Pv - Pc. + iic" - n + - pj > p„ 

and for set B 

Pc = Pc. + - C’) - i[P,. - £(P,,)'] < P„ 

where 

K = Pc. + - c*) 

Thu», observed P„ is an unbiased proxy for P, only if A and B are equal¬ 
sized samples from the same population and if average buyer and seller 
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errors are eqtial in absolute value. If the buyer makes larger or more 
frequent errors, set A will dominate and observed /*, > so that 
Pv- Pc > iiC" - C') 

The question arises whether observed is an unbiased proxy for 
By a similar argument, the court set will comprise two groufis of parcels, 
with negative errors in buyer expectations of P^^, and therefore low offers 
relative to P„, and positive errors in seller expectations, and therefore 
relatively high asks However, even if negative buyer errors dominate in 
frequency or mean absolute magnitude, actual court awards are still 
unbiased for P^^ if the courts arc unaffected by the asks and offers of 
pretrial negotiations This assumption is plausible if it is cheap for sellers 
to match low offers by symmetrically high asks in court in excess of asks 
in pretrial negotiations This is implicit in equation (5), which makes 
court award only a fraction of market value and expenditure on court 
inputs. 


Conclusions 

This study of urban renewal in Chicago suggests that ED docs not ensure 
that fair market value is paid in an assembly The mean ratio of price 
to market value is 1 27 for the court sample and 1 45 for the voluntary 
sample, with a weighted average of 1 388 This does not necessarily imply 
a suboptimal amount of assembly, since the opportunity cost of land for 
an assembly is expiected to exceed mean market value However, it seems 
unlikely that the pattern of reservation prices corresponds to the pattern 
of ED prices Under ED, high-valued parcels systematically receive more 
than market value and low-valued parcels receive less than market value 
This is consistent with a simple model of how prices would be determined 
assuming optimizing behavior within the constraints imposed by ED and 
a structure of court costs which induces higher buyer exj>cndiiurc relative 
to the seller's on low-valued ptxipcrties, but the opposite relation on 
high-valued properties Obviously, the structure of court costs may vary 
in different contexts, so the conilusion with respect to the pattern of ED 
prices is only generalizable in similar lontexts 

The full-cost calculus of the relative efficiency of ED and the free 
market m handling assemblies cannot be made without data on com¬ 
parable market assemblies and on transactions costs, including labor 
inputs and forgone income on land due lo delay in transfernng it to a 
higher-valued use Both comjKincnts of transactions costs are likely to be 
higher under ED Thus, both theoretical considerations and the esndence 
available leave unproved the case for the superior efficiency of ED 
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TABLE A1 

Guxbaky 


Variable 

Definition 

Source 

PRL 

Price of property in sam|de of 
random market sales, natural 
logarithm 

Transfer tax stamps reported in 
Real Estate News 

Ped 

Pnce of property in ED sample, 
natural logarithm 

Unpublished HUD records 

TAVL 

Assessed value of land plus 
assessed value of improvements, 
natural logarithm 

Cook County property tax roles: 
1969-70, market sample, 1963, 
Lmcoln Park ED sample 
Unpublished HUD records 
Southeast Englewood and 
Near Welt Side samples (date 
of assessment unknown) 

VALL 

Value per foot of frontage, 
natural logarithm 

Oleott’s Land Values (year pnor 
to the year of the first observa¬ 
tion for the market and for 
each ED sample) 

Z 

Zoning category 

Oleott's Land Values (year as for 
VAIL) 

TEN 

Number of tenants with listed 
phones 

Donnelley’s Strut Address Duutory 
(year as for VALL) 

DC 

Commercial use dummy, 0 <=> no 
commercial use, 1 commercial 

Donnclley’s Street Address Directory 

DCT 

DC X TAVL 


DATE 

Number of months from month 
of first observauon in each sample 

As for PRL and Ped 

DZ 

Zomng dummy, 0 = more re- 
stneuve zone, 1 = lessrestnc- 

As for Z 


tivc 7one 


DZT 

DZ X TAVL 


K 

Predicted market value of pro¬ 
perties in ED sample; natural 
loganthm 



References 

Aitow, Kenneth. “Political and Economic Evaluation of Social Efiecti and 
Externalities.” In The Analysts of Publtc Output, edited by Julius Mar^lis. New 
York Nat Bur Econ. Res., 1970 

Ckiiue, R. H. “The Problem of Social Cost,” J Law and Earn. 3 (October 1960): 
1-44. 

Colean, Miles L., chairman. Report of the Prestdait's Tatk Faroe on Urban Renewal. 

Washington. Govermncnt Printing Office, 1970, 

George C. Olcott and Company. Oleott's Land Values Blue Book tf Oucago. Chicago: 
Olcott, 1961, 1963, 1967. 

Lewis, John. A Treatise on the Law of Eminent Dotnaw in the Umtad Slates. 3d ed. 
Chirago; Callaghan, 1909. 






BWNBNT DOMAIN 


497 

McCIoikey, Donald N. "The Encknurc of Open Fteids: Preface to a Study of 
Its Impact on the Agrtcultural Efficiency of Eighteenth-Century England." 
J. Eton. Hut. 32 (March 1972)- 15-35. 

Munch, Patricia. "An Econonuc Analysu of Eminent Domain." Ph.D. dis¬ 
sertation, Umv Chicago, 1973 

Nichols, Philip. The Law of Emnent Domain, edited by Julius L. Sackman and 
Russell D Van Brunt 3d ed. rev Albany, NY Bender, 1970. 

Reuben H. Donnelley Company Street AdJresi Directory Chicago Donnelley, 
1961, 1965, 1967 

Scheiber, Harry N. “The Road to Munn Eminent Domain and the Concept of 
Public Purpose in the State Courts " In Perspectives in American Hutory. Voi 5, 
Law in American Hutory, edited by Bernard Bailyn and Donald H Fleming. 
Cambridge, Mass.. Charles Warren Center Studies American Hist., Harvard 
Umv., 1971. 

U S. Congress, House of Representatives, Committee on Public Works, Select 
Subcommittee on Real Property Acquisition Study of Compensation and Assistance 
for Persons Affected ly Real Property Acquisition in Federal and Federally Assisted 
Programs Washington Government Printing Office, 1965 




Economically Rational Expectations: 

Are Innovations in the Rate of Inflation 
Independent of Innovations in Measures 
of Monetary and Fiscal Policy? 


Edgar L Feige 

Umvernty qf Wtsanuta 

Douglas K Pearce 

UmiMtafy ttj HoutUm 


The concept of “economicaliy rational” expectation formation u 
developed for a regime in which the acquisition and use of some informa¬ 
tion sets are nonnegligible The concept provides a middle ground 
between “autoregressive” expectation formation and “rational” ex¬ 
pectation formation A necessary condition for the use of nonnegligible 
cost information sets is that such sets serve as leading indicators or more 
formally satisfy the causality conditions of Granger (1969) Using a tune 
senes modeling identification methodology developed by Box and 
Jenkins (1970) and Haugh (1972), we test the causal relationship between 
the rate of inflation and vanous monetary and fiscal aggregates Sur¬ 
prisingly, we cannot reject the hypothesis that the rate of inflation is 
independent of the monetary and fiscal aggregates considered Since tbc 
proposed leading indicator senes contain no incremental predictive 
power once the information contained in the past history of inflation u 
efficiently utilized, we conclude that autoregressive expectauon models 
may indeed represent economically rational price expectation formation 


Introduction 

In many economic theoncs, anticipations of future values of economic 
vanables play important causal roles Unfortunately, expectations held by 
economic agents about future economic fluctuations are generally 
nonobscrvablc Thus researchers attempting to empirically evaluate 
these theones have been forced to find some proxy or model for expecta¬ 
tions As Jacob Mincer {1%9, p 83) has pointed out, "The issue cannot 

The authors wish to acknowledge the helpful assistance of Douglai Caves 
Ftiutmi B t tmmff, 1976, vol bo. 5) 
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be ignored: The use of current rather than anticipated values it equivalent 
to a hypothesis that expectations are largely bas^ on current magnitudes 
and do not differ from them in any systemabc way.” 

In the case of inflationary expectations, the proxy employed has 
usually been a distributed lag model of past inflation rates. Dissatisfaction 
with this approach has led to recent work (Modigliani and ShiUer 1973; 
Sargent 1973, Sargent and Wallace 1973) which has uUlized the rational 
expectations concept of Muth (1961). Rational inflationary expectations arc 
deflned by Muth to be equivalent to the forecasts of inflation from the eco¬ 
nomic model deemed appropriate by the agent forimng the expectations 

This paper develops a different approach to expectation formation, 
focusing on the cfflcicnt use of information in forecasung inflaUon In 
Secuon I, we discuss the types of informauon economic agents might 
utilize in forming price expcctaoons and introduce the notion of 
“economically rational” expectaUons This latter concept simply 
emphasizes that an economic agent should consider the trade-off between 
the benefits and costs of added information when forecasUng, and thus 
anticipating, future inflation rates The “rational expectations” framework 
focuses attenuon on the structural model generating the inflation senes, 
but It implicitly assumes that the cost of acquinng and utilizing such 
information is zero Where information costs are nontrivial, the 
economically rational individual may opt for a less expensive forecasting 
framework even at the expense of a larger standard error of forecast One 
relatively inexpensive method of forecasting inflation is to consider only 
the information contained in past inflauon rates Section II explores the 
problem of idenufying and esumaung an efficient forecasung model for 
inflauon when no informaUon other than past inflaUon is considered 
Using the Ume senes methodology of Box and Jenkins (1970), we estimate 
such forecasung models for U S data and show that they can be \ocwed 
as gcnerahzaUons of the adapuve expectaUons approach populanzed by 
Cagan (1956) In SccUon III, we consider the condiuons under which it 
would be beneficial to employ a leading indicator senes to increase 
forecasung accuracy It will be shown that for a senes to qualify as a 
leading indicator in this framework, the senes must “cause” mflaUon in 
the sense of Granger (1969) We then examine measures of monetary and 
fiscal policy to see if they can be considered as leading indicators of 
inflauon We find that the incremental informauon contained in these 
measures is not useful for predicUng inflaUon given that efficient use has 
already been made of the informauon contained in past inflation rates 
The final secUon presents our conclusions 

I. Information and Economically Rational Elxpectatums 

Following Hicks (1946) we categonze three types of informauon upon 
which pnoe expectaUons could be formed* (i) noneconomic events such 
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at the weather, politics, wars, and psychological variables; (it) structural 
economic events such as changes in monetary and/or hscal policy; and 
(tit) the “inflauon experience”—the actual past history of price changes. 

The manner in which elements from the first information set affect 
inflationary anticipations is not well known.' Such events are typically 
regarded by economists as stochastic shocks which do not produce a 
predictable systematic effect 

Elements from the second informaUon set would be relevant to an 
agent forming raUonal cxpectaaons in the sense of Muth since these 
expectations “are essenually the same as the predictions of the relevant 
economic theory” (Muth 1%1, p 316) If one’s “relevant theory” is that 
changes in the quanuty of money affect the rate of inflation with some 
distributed lag, it would seem plausible that one’s expectations of future 
mflation rates should be influenced by the history of changes in the money 
supply Muth docs not, however, explicitly consider the costs of finding 
and making operational the relevant theory 

The third informauon set contains the past history of actual inflauon 
rates Pracucally all the empirical work examining the effects of 
inflationary anticipauons has employed this mformauon set by using a 
distributed lag model The general model is 

PW)^'£w„p..„ (I) 

where p'(l) = expiceted inflation rate for ume I + / formed at Ume t and 
p,.t =■ actual inflation rate at time t — t The familiar adapuve 
expectations model of Koyck (1954) and Cagan (1956) treats pj(/) as 
equal for all I That is, the agent forecasts a single inflauon rate for all 
future Ume periods As was shown by Muth (1961) this typie of forecast 
IS optimal if the process generating the inflauon rate is given by 

Pi “ Pi-l + “■ ^l^i-l (2) 

where a, is a random vanable with 
£(a,) = 0 

E{a,a,) = al, t = i 

= 0, t / 1 

If we represent the forecast rate as a weighted sum of past rates as in 
equaUon (1), this model constrains the weighu to fall off exponentially * 


' Sur\ey> ot consumer altitudes following evenu included in informauon let (i) have 
been conducted by the burvey Research Center of (he Univenity of Michigan See 
Katona (1972) for a summary of the results The effects of such events on stock pnea 
have been examined by NiedcrhofTer (1971) and Hester (1972) 

’ A model which u slightly more general but sull consistent with Koyck and Cagan 
allows for a determtnisuc trend by including a constant in equauaos (1) and (21 In dm 
case, the forecast is not the same fur all I but is a linear function of I 
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Papers by Walters (1971) and Sargent and Wallace (1973) have also 
worked with models in which expectations are based only on the inflation 
experience. They conclude that such expectations are rational (Walters 
prefers the term “consistent”) if the underlying structural model of the 
mfladon process can be collapsed mto a reduced form equation with past 
mflation rates as the predetermined variables. 

This class of models is, however, a very small subset of the general class 
of multivariate tune senes processes. As is shown in Zellner and Palm 
(1974) a multivariate time senes process will almost always yield a set of 
umvariate equadons in which each variable can be expressed as a function 
of its own past values. Expectadons formed on the basis of these umvariate 
equations will in general have a larger mean squared error than 
expiectations which are rauonal in the sense that they employ all the 
available information in the model (Nelson 1975) Thus, while the 
potenual benefits of utdiang all available information arc apparent, 
the absence of an exphcit consideration of the information costs which 
would be incurred in forming rational expectauons is a senous drawback 
We, therefore, suggest the notion of economically rational expectadon 
formadon. An economic agent is economically raUonal only if he considers 
both the costs of misestimating future inflation and the costs of making 
his forecast of future infladon 

Assume the costs of miscsUmaUng inflation can be adequately repre¬ 
sented by a quadrauc loss funcuon^ such as 

C = M/',-A'-i[l])' (3) 

Further assume that the squared forecast error is a function of the amount 
and type of informauon employed such that 

(A=/(/.. /i;>0, (4) 

//: < 0, 

where /, = ith type of information available at pnee c, 

The total cost of misestimating inflaUon is thus. 

rc = * (A -A'-.ti])* + 

'■* (5) 


m 



* In many case* the loM function may be asymmetncal nnee for certain economic 
agents tinderestunaung inflation is much more costly than overeitimating inflation. 
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The cost minimizing action is of course to buy units of each type of 
information until the reduction in the cost of the forecast error per dollar 
spent on each type of information is equated, such as: 

Cl “ -k Si « “ 1 .»». ( 6 ) 

The specific costs of different types of information are difficult to 
estimate and may vary across mdividuals and across time. We maJce the 
strong assumption that the information cost on past inflation rates is 
relauvely small and thus this informauon should be utilized intensively. 
In the next section we identify and estimate expectation models which 
efficiently use all the predicuve information contained in the past history 
of inflation In Section III we then look at the additional predictive 
benefits of also taking into account changes in monetary and fiscal 
policy. 

// Efficient Autoregressive Expectation Models 

We seek an expectauon model, based on past inflaoon rates, which 
utilizes all the predictive information contained in the inflation rate 
senes The time senes methodology of Box and Jenkins (1970) is ideally 
suited to finding such a model This approach makes the basic assumption 
that the ume senes under observation is a rcahzauon from a stochastic 
process The problem then becomes one of idenufying and estimating the 
underlying process 

The stochasuc process generaong the inflauon rate senes can be 
represented as a weighted sum of random shocks * 

p, = a, + + (7) 

= 

or under very general assumptions as a distributed lag of past inflation 
rates plus a random error (Whittle 1963) 

Pi = ’'l/’l-l + + + “1 (®) 

or simply, n{B)p, » a„ where p, = inflation rate at time t, and 

x(B) «= polynomials in the lag operator B (1 c , B‘x, = “ 

random error with E{a,) =» 0, £(a,a,_,) = oj/ 

In order to avoid the problems involved in esumating models of the 
form of (7) and (8), Box and Jenkins employ a general class of tune scries 
models known as autoregressive integrated moving average (ARIMA) 
models. The general ARIMA model has the form 

0,(fl)(l - B)% = e,{B)a, 

* That such a linear decomposiuon ousu for any tuuoaary stochastic process was 
proved by Wold (1954), 
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wiL 4> (B) and 9JB) a« polynomial, m B with ^ 

a^rand (1 - BfJ±c dth diffenmcc of the «jne..» The time «ne.. 
appropnately differenced to achieve stttionarity, is thus expressed as a 
mixed autoregressive (of order p) moving average (of order q) process. 
The order of the model and its pattern of seasonality are identified by 
means of the autocorrelation funcOon. The identified model is then 
efficiently csomated* and subjected to two diagnostic checks on the 
residuals First, the individual autocorrelaUons are compared to their 
estimated standard errors Second, an overall test of the adequacy of the 
model IS made by calculaung the statistic Q. 


Q = (N-d)'£ rl(f,) 


*-1 


where A’ = number of data observations, d = number of differences 
required for stationanty, and r\(i^ = square of the estimated auto- 
corrclauon coefficient of t, and This statistic is approximately 

distributed as — P — q) Model inadequacy would be indicated if 
the calculated value of Q exceeded the appropriate value 

The above procedures were applied to monthly and quarterly inflation 
senes as measured by the rates of change in the Consumer Pnee Index 
(CPI) and the Wholesale Price Index (WPI) for U S unadjusted data 
from mid-1953 to mid-1971 ’ Table I presents the estimated ARIMA 
models for these senes 

The ARIMA model identified and estimated for the monthly rate of 
change in the CPI is somewhat troublesome since a seasonal pattern with 
a periodicity of 4 months is indicated It is difficult to think of an economic 
reason why this penodicity should occur * Since this model is similar to 
that estimated for the rate of change in the WPI, except for the seasonality 
terms, we esUmated a corresponding model for the CPI with the following 
result 


(1 - B)p, = (1 - 8455)0, <? = 54 85 

+ 072 (39 df) 

This model is less saUsfactory in terms of the diagnostic tests on the 
estimated residuals and so the model listed in table 1 was retained 

Note that only in the case of the WPI monthly data docs the model 

’ Differencing is required if the original senes u nonstationary. 

* The estimation procedure yields approximate maximum likelihood estimates if the 
erron are assumed to be normally distnbutcd 

’’ The data source for the pnee indices u 1971 Bunness Slalulics (see U S Dept of 
Commerce 1972). 

* Breaking the time penod into two equal parts and repeating the identiiicstion and 
estimation procedure for each subset yielded almost idenucal models 
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Eitwated ARIMA Moocu ro« iNnuAHOM Serih 
(95% CONTIDENCZ iHTBnVAL) 


Monthly Data I953(7)-I971(6) 

CTI 

(1 

- - B)>, - (I - 567a)(1 - 766S«)a, 

0 - +4 45 



±118 ±090 

(3Bdf} 

WPI 


(1 - - (1 - 765a)a, 

1? - 41 16 



± 086 

(39 df) 

Quarterly Data 1953(H!)-I97UII) 

CPI 

(1 

- B*)(l - 649fl)/>, = 029 + (1 - .822B«)a, 

Q = 28 70 



+ 179 + 020 + 166 

(37 df) 

WPI 

(1 

- a*)(l - mBiP, = 039 + (1 - 693fl‘)4, 

0 » 28 77 



± 231 ± 02B + 189 

(37 df) 


correspond to the specific class of models studied by Koyck and Cagan * 
For the WPI monthly model, forecasts made at time t will be the same 
for all lead times and this forecast is arrived at by taking an exponentially 
weighted average of past inflation rates as in cquauon (1) 

The implied weights placed on past inflation rates, the n weighu of 
equation (8), can be derived once the ARIMA models have been 
estimated. The ARIMA representation is 


or 


- B)*p, = 0{B)a, 


^[B){\ - B)* ^ 




(9) 


This implies that, from equauon (8) 


(p{Bi{\ - B)* 

-- = it(fi) /,0\ 

0(B) 

= 1 - n,B - rt^B^ - 

Since the parameters of <f)(B) and 0(B) have been csiimaicd and the 
appropriate degree of differencing, d, has been idenufied, esumates of the 
rt weighu can be derived by equaUng the coelficienU on different powers 


of B in equation (10) , > 

The Jt weighu implied by the esumated ARIMA models are plotted m 
figure 1 With the exception of the WPI model, the exponential decline 
of weighu implied by Ogan’s adapuve expccUtions model does not 
occur ’ ° 


* The weighu are w, » (1 - »)»' “here 0 is ihe moving »ver»gr pammeter (.765 m 

the WPI model) w r .i r .mnr 

‘® It should be noted that the actual weighu are determined by a beecuung 

cnlenon m thu paper In Cagan’s applicaiion. ihe weighu are determined by a least- 

squares estimate of a dcinsuid for money model 
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Fio 1 —Weight! placed oo pait mflaaon rates implied by ARIMA modeli 


The one'Step ahead forecast can be calculated from the autoregressive 
models as follows 

= nip, + nipi-i + + • 

where^J(l) = the forecasted mflaUoij rale for tune t + 1 made at time t. 
The forecast is simply the condiuonal expectation 

.) ~m- 


^(A+l \ Pv Pt-tf fil-2’ 
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Since p,^,^ ■ a,^^ + iiip, + itxP,-i + •** and thus E{p,^.t) — 
Kip, + nxPt-i + • • • 1 the one-step ahead forecast error r,(I) will be 

^(1) - A+. - Ar(i) (H) 

“ ^t +1 

Thus the random shocks driving the stochastic process can be viewed as 
the one-step ahead forecast errors 

As shown by Box and Jenkins (1970), the forecasting models can also 
be viewed as adaptive or crror-learmng expectation models Recall that 
the stochastic process generating the inflation senes can be represented as 
a weighted sum of current and past random shocks 

P, = ^1 + (12) 

= <P(E)a„ 

thus 

/i + i + i = <*1+1+1 + </'i“»+i + 

The /-step ahead forecast made at time / + 1 is the conditional expecta¬ 
tion 


~ ^« + i[/i + (+i I ^i> <*i-i> ] ~ + i + 

Similarly, 

p'(i + 1) = </'j + ,a, + ^ 1 * 2 °,-i + • 
thus 


A'+.(0 + 1) + V'.«,+. (13) 

Equation (13) implies that the expected inflation rate for some penod m 
the future, in this case the period is < + / + 1 , is revised when new 
information appears At time < -I- 1, the economic agent experiences an 
error, equal to < 1 , 4 ,, in his forecast ofinflauon for that penod (seecq [1IJ) 
He then revises all his previous expectations of future inflation rates by 
Because the weights ip, depend on I, the proportion of the 
currently cxpcnenced error he adds to his old expectations vanes with the 
horizon of the cxpiectations In the special case of the adaptive expectauons 
model of Cagan, the ip, weights are identical over all horizons.“ The 
patterns of the ip weights for the estimated ARIMA models arc given in 
figure 2 

" In terms of an ARIMA model, the Cagan model is represented as (I — B)p, m 
(1 — 6B}a, Thus ifr(B) — (1 - 9fl)/(I — B) This yields iSi = I - 0, for all 1 
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Fio 2 —Adaptive expecUttona weights for dtflTerent honzont 

TTius the forecasts from the ARIMA models luted in table 1 can be 
viewed as optimally adaptive expectations given that the economic agent 
utilizes only the information contained in past inflation rates when 
forming his expectations 

III. The Use of Leading Induators of Inflation 

Having found models which efficiently uulize the information contained 
in the inflation experience, we now ask the question, How can one 
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evaluate the predictive benefit* from enlarging the information let to 
include other economic time leriet? It is shown below that thu question 
is empirically identical to the issue of assessing the causal relation, as 
defined by Granger (1969) between two times senes. One procedure for 
studying causal relationships has been developed by Haugh (1972) 
building on the work of Box and Jenkins (1970) 

Since an ARIMA model for inflation efficiently utilizes all the 
information contained in the inflation senes, a necessary condiUon for a 
senes to serve as a leading indicator is that it provide additional 
information relevant to future inflauon, that is, that it reduce the 
expected mean square forecast error below that of the modcb based 
solely on past inflation rates For an economically rational agent, this 
cntenon is not sufficient, since he will use the leadmg indicator only if 
the predictive benefits outweigh the costs 
More formally, a necessary condition for a time senes, x, to be a leading 
indicator of the inflation senes, p, is. 

a^{p\P,x) < a^{p\P) (14) 

where a^{p | /, i) is the minimum predictive error vanance of mfladon 
given both past inflation rates (denoted /) and the past values of the x 
senes (denoted S), and o^(/ | /) is the minimum prcdicUvc error variance 
of inflation given past inflation rates 

Condition (14), however, corresponds to the condition set forth by 
Granger (1969) under which one can say x “causes” p Granger’s 
empincally testable definition of causality states that x causes p if past 
values of x can be used to improve the conditional predictions of future p 
How does one test for this causal relation’*^ The residuals from the 
ARIMA models of inflation can be viewed as that part of inflauon which 
cannot be predicted from its own past history Thus in order for senes x 
to enable one to improve llic forecasts of mflauon from the ARIMA 
models, it must be correlated with the residual senes from the ARIMA 
models Haugh has proposed the following procedure for analyzing this 
condition First, ARIMA models must be idenufied and estimated for the 
p scries and the prospective leading indicator senes x ** Second, the 
residuals from these models arc calculated—the residual scries being 
referred to as the prcwhitcncd senes Third, the prewhitencd inflation 
scries is cross-correlated with the prcwhitcncd leading indicator senes An 
examination of the sample cross-corrclauon funcuon should mdicatc the 
existence and direction of causality in the sense of Granger (1969) The 
reason for not simply cross-correlating the prcwhitcncd inflation senes 

For another approach to cmpmcally applying Granger's cautahry entena, tee Sims 
(1972) 

‘ * It u asnaned that the ■ senes u also a rcalualion of a stochatttc process. 
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with the leading indicator series is that the resulting cross-correlation 
function IS often misleading due to the serial correlation present in the 
leading indicator senes (Bartlett 1935) 

Suppose we have the population univariate disturbances and for 
the X and p series Let (k) be the correlation between a,, and a^^^^ 
It is shown by Haugh (1972) that if p„^„,(/t) # 0 for some k > 0, then 
condition (14) is satisfied and we can say “x causes p" Similarly, if 
^ ® some k < 0, p causes x If there are nonzero p„^y^{k) for 
both piositivc and negative k, there is a feedback relationship, and if 
Pii,UfW — 0 P independent The case of contem¬ 

poraneous cross-correlation is ignored for, in this case, the direction of 
causality is indeterminate Thus, the causality relationship between two 
variables can be assessed by examining the cross-correlation between the 
residuals from the estimated univariate models 

Let be the sample correlation between the residual from the 

prewhitened x and Irom the prcwhitcned p senes Once the sample 

cross-correlation function is obtained, a sequential process is employed to 
determine the causal relationship First, the hypothesis of independence 
IS considered and subjected to two statistical tests On the null hypothesis 
of indepiendence, the sample cross-correlations, ta, 4 ,(A), arc each 
distributed normally with mean zero and standard deviation I/'/A', N 
being the length of the sample time senes One way to proceed is to 
compare each rj^^^(A) to its standard error 1 / noting the number and 
position of those ra,*^(i) exceeding, sav, two standard deviations The 
appearance of a number of cross-correlations significantly different from 
zero by this measure would indicate a lack of independence The location 
of nonzero is indicative of the direction of causality in the 

relationship 

A second test for independence is to compute the statistic 

* * - w 

which on the null hypothesis is the sum of 2M -(- 1 squared standard 
normal vanables and IS distributed asymptotically as x*(2A/ -I- 1) If the 
computed S exceeds the - 1 - 1 } variable at the chosen significance 

Ie\cl, the hypiothcsis of independence is rejet ted 

Since independence rules out both feedback and unidirectional causality 
in either direction, the testing procedure is terminated if the hypothesis 
of independence is not rejected If independence is rejected, the sample 
cross-correlation function may be suggestive of the type of causality that 
IS present, but formal hypothesis tests involve more complex procedures 
requinng the estimation of a multivariate model, or the use of the Sim’s 
(1972) regression procedure As is shown below such further tests are 
unnecessary in the present application 
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We have applied this approach to see if certain measures of monetary 
and fiscal policy could be considered useful leadmg indicators of inflation 
Again, wc emphasize that this is only a necessary and not a sufficient 
condition for an economically rational agent to employ these senes when 
forming his inflationary expectations The measures of monetary policy 
chosen were the rates of change in monetary aggregates, namely currency 
plus demand deposits (Afl), currency, demand deposits, and time 
deposits (A/2), and the monetary base {MB) The measure of fiscal 
policy selected was the high (or full) employment budget surplus {FP) ** 
The first step in the procedure is the estimation of ARIMA models for 
the prospective leading indicator series Table 2 presents the estimated 
models for both monthly and quarterly data The residuals from each 
model passed the diagnostic tests described above 

As table 2 indicates, the monthly rates of change in the monetary 
aggregates exhibited a seasonal pattern with a periodicity of 12 months 
The quarterly rates of change also had a pronounced seasonal component 
with a periodicity of 4 quarters There appeared to be no systemauc 
seasonal pattern in the high employment budget senes 

Having estimated suitable ARIMA models for both the inflation 
scries and leading indicator series, and thus obtained the residual scries 
or prcwhitencd senes, the second step in the Haugh procedure can be 
taken Each prcwhitencd inflation senes (i c , that part of inflation tliat 
could not be predicted from the past history of inflation) was cross- 
correlated with each prcwhitencd leading indicator senes These sample 
cross-correlation functions are illustrated in figures 3 and 4 

Two tests were employed in the examination of the sample cross¬ 
correlation functions First, individual cross-correlations vtcre compared 
to their approximate standard errors Second, an overall test for 
independence between the senes was performed using a slight mtxlification 
of the 5-stattstic presented above On the null hypothesis, 5 is distnbuted 
asymptotically as );^(2A/ -t- 1), but Haugh n972) showed that m small 
samples, the x.^{2M + Ij distribution is more rloselv approximated b\ 
the modified statistic 

5. = g iS - kr'rl^^^k, 

~ m 

where N a* number of obsrr\auons on each prewhitened senes. A/ = 
number of cross-correlations estimated for both negative and positive 
“ square of the estimated cross-correlation coefficient at lag 

monetary senes were seasonally unadiusird and a\aiUb)e both monihlv and 
quarterly The high employment budget surplus was onlv availal^r quarterly and was 
seasonally adjusted Data souren were Afl, M2 MB -FfdrraJ Rwruf BmlUtm FF — 
“Technical Notes for Etiimacrs ol the High-Ewplovment Budget/’ Federal Reserve Bank 
of St Louu, March 1973» nunteographed 
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I'lo 4 Crou-corrrladon functions for pirwhitcnrd inflation and leading indicator 
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k for Ihc prrwh.tencd Icadmg indicator scn« (*) and the 

.nflation sene* (p) The hypothesis of independence tetwe^ the mo 

senes would be reacted if the calculated 5*-value exceeded the ubled X 

value at the selected significance level .mated 

Examination of the individual cross-correlatior« for the esuma ^ 
functions revealed very few significant spikes, and no patterns whic 

„ould ,uu^. c.u»l,.y tro». or 

More formal tests of independence are provided by the 

nresented in ublc 3 The values indicate that for no combinauon of 

be reiected at the 5 percent level of significance 

To determine whether the test outcome is at all sensitive to 
of particular values of Af (where Af is the maximum lag ^ 

coiStrucUon of S*), we computed 5* for all values of ^ 

The results indicated ^ M - S for monthly 

and thus we present only those statistics oascu 

data and A/ « 12 for quarterly data 

.» SimJar «ul« were obu.ned when Uic «n.pl« ARIMA nv.del fee Ae CPI «« 
UKd to prewhiien the CPI inflation terKt. 
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TABLE 3 


Hvxmnilt OF No lUtAlWWMff MTOW 
j«.SrAi«nca FOKj^o^ LtAomo Inpioatom 


CPI WPI 

L.EASINO INDICATOR — 


Ml 

M2 

MB 


Quarterly Tunc Send 1953(IU)-1971 (II) 


Mi 

34 97 

23 60 

M2 

25 23 

15 73 

MB 

20 62 

1490 

FP 

22 25 

23 52 


Monthly Time Send 1953(7)-I97^^^ 

67 93 
69 25 


48 64 

50.57 
55 40 


Notb.—F or monthly time teries, S'* bAsed on M, maximum Itig, of 30, /^(6I) ■> 79 I •( 5% level For 
querterly lime reneB, S'* b«Md on M ■ 12, jt^(23) « 37 7 nt level mI, A/2, And MB are petceotACQ 

rate* of chance 


This evidence strongly suggests that the information contained in the 
monetary and fiscal aggregate senes would not yield more accurate 
predictions of inflation than an efficient autoregressive model Therefore, 
for this sample period, neither monetary aggregates nor the high 
employment surplus can be considered as leading indicators of inflauon, 
and an economically rauonal agent would not employ these senes to help 
him forecast inflation 


Summary and Conclusions * 

If we arc to improve our ability to predict and control inflation, it will 
be necessary to gam a greater understanding of the mechanisms by which 
inflaUonary cxpectaUons are generated Applied empincal workers have 
relied almost exclusively on autoregressive models in efforts to specify 
expectation generaUng processes, whereas more recent thcorcucal work 
has focused attention on rauonal expectation formauon The auto¬ 
regressive or “adaptive" models specify that expectations are generated 
solely on the basis of the past history of inflation AltemaUvcly, rauonal 
expectauon models require that the public’s expectations arc equivalent 
to the mathematical expectauon of inflaUon based upon knowledge of the 
model generaUng inflaUon as well as the available information pertinent 
to the model Autoregressive specifications have been cnUcizcd as being 
behaviorally too naive, yet they have the great advantage of empirical 
tractabihty Rauonal expectation models offer the theoretical appeal of 
greater consistency with the economist’s paradigm of rauonal behavior in 
a world of negligible informaUon costs, however, they avoid spieakmg to 
the empirical issue of selecting a particular relevant information set. 
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We »«*mpt to etUbiyi • middle pound between the two approaches 
by introducing the concept of economically rational expccuuons which 
are formed by balancing the predicuve benefits derivable from alternative 
information sets against the cost* of acquiring and utilizing alternative 
infoi^tion sets In order to gtvc economically ranonal expectations 
empirical con^t, we b<pn with the strong assumption that the cost 
associated with the acquisiuon and uuhzauon of the information set 
contoming the past history of inflauon is ncghpblc compared to the 
piedicUve ^nefits to be gained from using such informabon intensively 
Under such condmons, the economic agent would initially generate 
cxpectauons by forccasUng with an autoregressive model which can be 
viewed as an adaptive or error learning process m which expectations are 
revised in an optimal manner Autoregressive forecasung models which 
efficiently utilize the systematic informabon contained in the past history 
of inflauon were esumated from U S data using Box-Jcnluns ume senes 
procedures 

We then considered the condiuons under which it would be econom¬ 
ically rabonal to utilize addiuonal information sets for forecasung 
puiposes Assuming that costs of incremental information arc non- 
neglipble, the necessary condition for utihzing an additional ume senes 
in forecasting is simply that the time senes serves as a leading indicator 
in the sense of incrementally improving on the forecasts of the auio- 
repcssive models This necessary condition is formally idcnucal to 
Granger's (1969) causality condition, and can be empirically tested by 
examining the cross-corrclaUon funcuon of ihc “mnovauons” in the 
inflation senes and the innovations in the proposed leading indicator 
senes We selected several monetary aggregates and a measure of fiscal 
policy as the most likely candidates for containing information which 
would be useful in improving forecasts of inflation To our surprise, the 
cmpincal tests indicated that we could not reject the hypiothcsis that the 
rate of inflation is causally independent of the monetary aggregates and 
the measure of fiscal policy 'I he results indicated that the proposed 
leading indicator series contained no additional predictive power over and 
above the information already contained in the past history of the 
inflauon senes Thus, for the information sets exanuned, the results 
suggest that forecasts from efficient autoregressive models can be 
considered economically rational expectations 

The inability to reject the hypothesis of independence between 
mnovauons in the rate of inflation and innovations in ag^egauve 
measures of monetary and fiscal policy, while lending support for the 
common usage of autoregressive expectation specifications, nevertheless 
leaves us with a disturbing bit of evidence which appears to be in direct 
conflict with both popular doctrine and a substantial body of published 
econometric literature Our anomalous results might simply be attnbut- 
ablc to the usual and unusual caveats associated wiUi the fledghng 
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methodology employed in this study;** however, ws would regard it as 
inappropriate to dismiss the findings of “independence” so lightly. Two 
important developments persuade us that these results should be given 
greater credence First, there are a number of recent empirical studies 
corroborating the “independence phenomenon” in areas where economists 
would generally expect to find clear evidence of causal relationships 
(Cramer and Miller 1974; Feige and Pearce 1974; Pearce 1974; and 
Pierce 1974) In a similar vein, recent forecasting experiments with 
ARIMA models suggest that once Box-Jenkins methods have been 
applied to efficiently utilize the systematic mformaUon content of the past 
history of an economic variable, there is relatively little incremental 
mformation to be gained even from such complex sources as large scale 
econometric model forecasts (Naylor, Seaks, and Wichcm 1972, Nelson 
1972) The second development which shapes our perspective is the 
growing rcalizauon that much of the published empirical literature based 
on aggregative time senes data may be contaminated with a proliferation 
of Type 1 errors (Box and Newbold 1972, Feigc 1975, Granger and 
Newbold 1974, Lovell 1974) Given the increased awareness of the 
“spunous regression” phenomenon and the demonstration that our all 
too common “data grubbing” procedures produce “statisucally 
significant” relationships between independent vanables, perhaps the 
tune has come to give greater attenuon to results which conflict with our 
received paradigm Such results will encourage both a reformulation of 
the theoretical underpinnings of our macroanalysis, and perhaps more 
significantly, a reexamination of the adequacy of our aggregative time 
senes data as a basis for vcnfying and testing proposiuons from economic 
theory (Pierce 1974) The histoncal laboratory on which we so heavily 
depend for the generation of data to test our thconcs may simply perform 
nugatory expenments of promiscuous design. The challenge then is to 
discover a more viable aliiruty between the statement of economic 
hypotheses and the data base appropnatc for testing them 
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Uncertainty, Waiting Time, and Capacity 
Utilization: A Stochastic Theory of 
Product Quality 


Arthur De Vany 
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The behavior of a monopoly is analyzed in the following setting Search 
creates a stochastic stream of customers Searchers observe the queue 
and leave if it is too long Production is random In the optimal solution, 
waiting time, effective demand, and the utilization of capacity are 
jointly determined Product quality in the form of waiting time is 
endogenous to the model, and it is found that price or capacity changes 
affect both the quantity and the quality of output If an equilibrium 
exists, there is excess capacity Price equals marginal cost, but monopoly 
produces too little capacity and output unless profits are zero 


Queuing is a phenomenon that is largely ignored in economic theory 
While queues exist in virtually every tvpc of service process, the standard 
model of the firm cannot explain their existence without falling back on 
the idea that the price charged by the firm experiencing the queue is 
somehow out of equilibrium Clearly, n is less than sausfactory to resort 
to a disequilibrium explanation for a phenomenon so persistent and 
durable as queuing In this paper an alternative cxplanauon is offered 
which IS capable of explaining the existence of a queue in a process which 
IS in equilibrium More fundamentallv, the paper is an analysis of the 
demand and supply of waiting time and seeks to explain how the time 
cost of consumption is determined in market equilibrium under monopoly 
The model is based on three propositions (I j consumer demand is 
random, {2) production is random, and {3j as a consequence of (1; and 
(2) the sum of money price and time cost is uncertain, and this un¬ 
certainty creates positive net benefits of searc h for short queues or low 
time prices 
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[S.iTr'^'u.no „™ «.UC.1 vlueTh. cridcjl ,«« dep»^ 

on the distnbuuon of queue lengths, the value of tune, the coit^iearch, 
and the availability of alternauve suppliers The search procedure and 
related inlbrmauon structure have an important influence on the degree 


of monopoly power possessed by the firm 

Because customers balk at long queues, the firm will find that both its 
price and its capacity influence the eficctive demand for its product A 
higher price reduces the rate at which customers arrive and also reduces 
average waiting time Thus, the mode! suggests that product quality 
vanes inversely with the rate of output when the size of the plant is held 
constant Greater capacity shifts the effective demand curve to the right 
This rightward shift of demand also corrcspionds to the notion of an 
improvement in product quality because, with more capacity, the plant 
becomes less congested, waiting bme falls, and consumers demand more 
of the product at each pnee Thus, the model offers a unique insight into 
the interrelationship of demand, capacity uulization, and product 
quality ^ 

Demand and capaaty utilization are determined by the time value of 
consumers and their search procedure * The steady-state demand 
funcuon depends on capacity uulization, but uulization also depends on 
demand This means that demand and capacity utilization, along with 
the related level of product quality, arc mutually determined A necessary 
condition for the existence of a steady-state demand function in this 
simultaneous system is that there be excess capacity In cxplonng the 
opUmal policies of a firm in a setung where “excess” capacity is produc¬ 
tive, I obtain a number of new results which have far-reaching implica¬ 
tions for the theory of monopioly These results form the basis of a new 
model of capacity utilization which stresses the value of time and the 
stochasUc nature of search and producuon One virtue of the focus on 
waiting ume and capacity utihzaUon is that it provides a more or less 
concrete interpretation for the concept of product quality and overcomes 


' In the context of regulated markets, a umple version of this model 11 discusKd in 
De Vany (1975a, I975i), with the former containing econometne results There has been 
a good deal of work done on capacity utilization, which is reviewed by Winston (1974), 
but this work has not focused on the relationship between capacity utilization and 
customer waiting time The existence of a relationdup between capacity and waiting ume 
u well recognized (Aichian 1970), but this paper u the only attempt to present a resuon- 
ably complete model of the problem Other treatments of the queuing problem with 
balking are those of Noar (1969) and Yechiali (1971) These papers provide an excellent 
analysu of the opumal congestion loll for a congested service facility with Axed capacity 
They do not address the problem studied here, which involves the selecuon of price and 
capacity under monopoly 

^ The model integrates Stigler’s (1961) analysis of search with Becker's (1965) analysis 
of the allocation of tune 
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»mc Of tho vagu«c„ wJuch ha. frustrated work tn this area Once 
Ity .. made endogenou. to the theory of monopoly, u become, c Jr 

comunt The ma^al revenue .cheduie of the convenfonal theory of 
monoi»lyjvhich doe. not incorporate product quality, is shown in the 
pre^t model to be the marginal revenue of output when product quality 
IS allowed to vay directly with price This result would appear to dispel 
some of the Uaditional objections to monopoly which are based on the 
divergence of marginal revenue from price While this is partly true, for 
example, the monopoly outcome is efficient if equilibrium output occurs 
at the aero profit level, there is still a source of inefficiency present in the 
model It IS shown that monopoly produces too little output The reason 
for the underproduction of output is that monopioly marginal cost exceeds 
social marginal cost because the monopmlist intcrnahzes the diminishing 
returns to product quality 


I. A Deaenption of the Model 

Let a single firm be producing and selling some product or service at a 
fixed location Orders arc filled only through production The firm holds 
no inventories Demand is less than perfectly clastic in a sense to be made 
precise below When a potential customer arnves at the facility (a plant 
or store), he finds the price of the product posted over the order desk 
There may be a queue of customers at the desk when he arrives, and he 
notes the posted price and length of the queue and decides whether to 
join the queue or leave 

Now suppiose the firm leaves the posted price unchanged for a period 
of time so that buyers Ijccome well inforinea as to pnee But let the 
arrival rate of potential customers be random and also let the rate at 
which orders may be filled be subject to some random variauon Then 
the expected cost of buying the product or service is estimated by acquiring 
information through a visit to the facility and observation of the queue 
at that lime If the process is in equilibrium, there will be some disinbution 
of queue lengths from which the searcher calculates an optimal stopping 
rule Based on some acquired or a prion knowledge of the probability 
distribution of queue lengths, the searcher chooses a number such that, 
if the observed queue is less than or equal to this value, he joins it and 
waits to be served If the line is longer than this reservation length, the 
searcher balks and refuses to join the line 

From the firm’s point of view, the search process generates random 
arrivals of potential customers When the queue length is greater than the 
cntical value, these arrivals refuse to )oin the queue and depart The 
queue fluctuates in length, but, if an equilibrium exists, there will be some 
long-run relative frequency of balks to arrivals and the firm may form an 
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expectation of the number of customers who will demand service over 
some time interval. The firm can change its posted price, but it must 
remain at some value long enough for the queuing process to reach 
cqmhbnum, if one exists The firm can alter its capacity and thereby 
change the distribution of queue lengths and the proportion of arrivals 
who balk This makes effective demand depend on the firm’s capacity, 
and increases in capaaty shift the demand function to the right. 

Since both service and demand are random, there arc times when the 
service capability is high but there are no customers available to be 
served To allow for this possibility, the mean output capacity must 
exceed the mean rate of demand if a steady state is to be achieved So, 
on average, the firm carries excess capacity in that its mean output 
capability exceeds its mean demand At times, however, the productive 
capacity is fully utilized and a queue forms At other times, the plant is 
idle because there is no one in the queue or being served 

When the plant's mean capacity is expanded, the balking value of its 
customers rises, fewer arrivals balk, and effective demand increases 
Product quality also improves because the average queue length falls when 
the rate of utilization of capacity declmes Elconomies of scale exist in the 
production of waiting time because any queue is more rapidly served for 
a given ratio of demand to capacity by a bigger plant The basis of 
natural monopoly is this decreasing cost of product quality 

As a physical analogy to the model, one might consider a stream 
flowing into a pond If we double the mean inflow and outflow of the 
pond, the average level of the pond will be unaffected, but the average 
time a unit of water is in the pond will be halved With balking, the 
incoming stream is diverted whenever the pond reaches a certain level 
To reach an equilibrium level, the mean inflow, net of diversions, must 
be less than the mean outflow This is because some of the outflow 
capacity will occur when the pond is empty and therefore will be 
ineffective To complete the analogy to the balking model, we must 
imagine, as will be shown, that the level to which the pond may rise 
before diversion occurs increases when the outflow capability is increased 


n. The Customer Stream 

For some class of customers, the firm is the preferred supplier of some 
product or service Customer preference may be based on locational 
advantages, lower pnee, or the fact that the firm is a strict monopoly 
Even in the last case, however, we allow for the availability of an alternate 
form of the service in the later development of the model For example, 
some aty may be served by a monopoly airline, but travelers do have the 
option of travel by other modes Demand is random A stream of 
customers arrives at the firm, one arrival at a time, but the time between 
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successive arrivals is random * I assume that the arrival stream is a 
stationary stochastic process, with intervals of time between successive 
arrivals independently distributed There is no periodic, recurrent 
peaking of demand The firm knows that pieaks in demand occur and can 
even assign a probability to there being n arrivals in some time period 
It cannot, however, predict when these peaks will occur, since they are 
completely random These assumptions correspiond to postulating that 
the density function for the interval of time between successive arrivals is 
a negauve exponential distribution * 

Let price and interarnval times be distributed such that the conditional 
distribution of interarnval times on pnee, p, is 

with mean time between arrivals = 1/P(^) and mean arrival rate = X(p) 
The arrival rate /(/>) is a function of price, with = d/{p)jdp < 0 An 
increase in price moves the distribution of 1 to the right, causing the 
probabilities of small interarnval times to fail and those of large inter- 
arrival times to rise The rightward shift in the demand distribution 
corresponds to what we would call a reduction in the quantity demanded, 
a higher price spreads out the time between customer arrivals * 


III. The Stochastic Production Function 

Assume there is some variation in the time required by the production 
faality to fill orders ‘ Uncertaint> in the production process may arise 
because of random machine failures, lack of cntical inputs at unpredict¬ 
able times, ora variety of olher reasons For simplicity I assume production 
IS also a stationary stochastic process so that the output achievable for a 
given plant or service facility over some time interval is independent of 

’ The following draws on basic rlcments of queuing theory The reader may wish to 
refer to a standard operations research (ext to resieM the theory or to a more thorough 
treatmenl such as that of Gnedenko and Kovalenko (1968) or Gross and Hams (1974) 

* Periodic, regular peaking of demand is ruled out if ihe renewal dutnbuuon is 
stationary I am not too comfortable with the temporal independence of the arrival 
process, even though there is a fair amount of evidence supporting it If the searcher 
encounters an excessive queue in the prior penod, he may return in the subsequent 
period, meaning amvals are noi temporarily independent We can cUmmate this difficulty 
by assuming that the service is purchased elsewhere by the balking consumer In addition, 
many of the results obtained here hold for far more general arrival dutributioiu, 10 the 
assumption of independence is not as restricuve as one might think 

’ This IS the sense in which demand is assumed to be less than inlimtel> clastic Were 
II perfectly elastic, inlerarrival times would go to inhniiy as pnee is increased 

* Recall that there are no mvcniories and that production ukes place on demand The 
cxponcnUal service time distribuuon implies that service time on a unit order is in¬ 
dependent of service time on preceding orders This assumption fiu a large number of 
service processes, such as communications or haircutting It may not fit production 
plants so well where successive service umes could be correlated In this case, the 
exponential distribution will be an approximation to the service dutnbuuon 
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the output achievable in the pnor or succeeding time interval. For 
example, if the relevant time interval is the daily production period of the 
plant, then the production which could be obtained if the plant produced 
Its nuiximum output on Tuesday is uncorrelated with the maximum 
output which could be obtained on Wednesday This would be the case, 
for example, if machine failures were random and the failures were 
repairable overnight 

Formally, I assume service time r is distributed exponentially • 

g{s} = /«-*“, s^O, (3 1) 

with mean service time 1 jfi 

To relate this distribuuon to the production funcUon usually used by 
economists, let K and L be the stocks of capital and labor employed by 
the firm The “server” in this model is the production line, and fi, the 
mean output rate when the producuon line is busy, is a function of 
capital and labor 

H = fi(K, L) ^0 (3 2) 

The production funcUon is increasing and concave in K and L The 
conditional distribution of service time s for levels of K and L is obtained 
by subsUtuung the production function into the service time distribution 

S{s, K, L) = n{K, Z.)e-‘'<*-'-“, r ^ 0, A ^ 0, i 2; 0 (3 3) 

This distribution is a function of K and L, and the expected marginal 
products of labor and capital are 

^ ( 3 +) 

cL 

^ Ds] (3 5) 

oL 

Since dn{K, LjjdK = fif. > 0 and dfi{K, L)jdL = > 0, these deriv¬ 

atives indicate that capital and labor augmentation shifts the service tunc 
distnbuuon to the left, raising the probability of shorter service times and 
lowering the probability of longer service umes ’ 

There arc two notions of capacity implicit in this formulauon I am not 
defining capacity in the sense often used as being the level of output at 
which minimum average cost is achieved for a given plant Nor am 1 
defining capaaty as the technical limit on output where the short-run 
marginal cost of output approaches infinity There is a maximum 
producuon obtainable from the gtum resources of the firm Whenever the 
plant IS in operation, it produces output at the rate that can be achieved 
when the given resources of the firm are fully utilized Since this rate of 

^ The relationship is one of finl-degree stochastic dominance, with 5(r;A|,£|) 
dominating S{s, Li) when A, > Aj and Li > L^. 
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achievable output is random, it is also appropriate to talk about the mean 
output of the plant if it were in operation over a suitably long period of 
time. I define capacity as this quantity Since from (3.2) the expected 
service time on a unit order is l/p, capacity is fi Also, note that the 
variance of service time is 1 Ifi ^, therefore, a larger capacity reduces both 
the mean and the variance of service time Service becomes quicker and 
more reliable as capacity is expanded 


IV. An Elementary Search Model 

Since arrivals and capacity vibrate randomly, there will be intervals of 
time during which more arrivals appear than can be served, and a queue 
will form The consumer is assumed to know the price of the product, but 
without a visit or inquiry at the firm the waiting time is not known Thus, 
the full price, which is the sum of money price and the cost of waiting, 
IS unknown and may only be ascertained through observation of the 
queue The consumer’s problem is analogous to the price search problem, 
except that in the present case it is the full price which is a random 
variable rather than the money price * 1 derive an optimal stopping rule 
from a simplified search model The rule stipulates the maximum length 
queue which an arriving consumer will join If the queue exceeds this 
critical length, he refuses to join it and goes to his next-best alternative 
source of the service or product This analysis shows how randomness in 
waiting time triggers a search for alternatives, and also generates a random 
switching of consumers from the preferred firm to the alternate during 
periods of excessive queues Thus, the monofjoly power of the preferred 
firm IS ertxlcd by the information about alternatives, and is eliminated 
completely at times when the queue exceeds the critical length 

Assume the consumer selects a strategy' in the followmg manner 'ITie 
product or service is supplied bv a monopoly at some price p Consumer 
surplus is P(p), with = dRjdp < 0 There is some best alternative to 
the monopolist’s product with surplus R'{p‘‘/ and priced" The consumer 
strictly prefers the monopolist’s product to the alternate, that is, for 
p = P‘, R{p) > R‘{p‘‘), meaning that the demand curse for the product 
lies above the demand curve for the alternate On arriving, or inquiring 
about the line, the consumer weighs two alternatives - to join the queue, 
or to go to the alternate supplier The net gain of the first choice is 

Gj = R{p) - wnln (4 1) 

• The problem is uinilar lo ihe pnre search problems solved by McCall (1965) and by 
Teller (1973) Here the buyer is anumed to learn ihe pnee on the first vini The pnee 
rcmaina fixed, but the queue flucluales according to a distnbution which may or may not 
be known by the buyer A Inal is a visit to the facility at a diHerem point in ume, and a 
“pnee” u obtained through otnervalion of the queue Noar (1969) and Yechiah (1971) 
solve the optimal balking problem m a selling somewhat more mtneuve than the preaent 
one 
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when there are n — 1 customers in the system ahead of the arrival. The 
expected cost of waiting is wnhi, with w m the unit cost of dme and 
n/p s the conditional expiected wait when the arrival is the nth member 
m the system. 

If the customer does not join, he goes to the alternative suppher. Assume 
that the cost of gomg from the preferred supplier to the alternate supplier 
is composed of a dme cost wt and a money cost c. Also, assume that the 
waiting time at the alternate suppher is uncorrelated with waiting time 
at the preferred supplier and that the steady-state expected number in the 
alternate suppher’s system is Then the expected gain of balking from 
the preferred supplier to the alternate is 

= R‘(P*) - c - wt - w(L‘ + (4 2) 

where 1 /ft* is the expected service time of the alternate supplier Assume 
C, > 0 and that the expected benefits of buying from the preferred 
supplier are positive, that is, E(G) = R{p) — wL\jfi > 0, where L =» 
expected number in the system of the preferred supplier 

An opumal strategy for joining the queue at the preferred supplier is a 
number n, which satisfies the inequality 

R{p) - wn,\lfi ^ R‘{p*) - L - wt - w{L‘ + l)l//i' (4 3) 

We can solve this inequality for the critical value n, 

n. < [RiP) - R'iP’) + c]ttlw + fit + (!• + \)filti‘, (4 4) 

which IS the largest number in the preferred supplier’s system such that a 
customer will enter it Since it will be more convenient in the subsequent 
analysis to deal ivith the number at which the customer will balk, we 
define the balking value as 

£ = K + 1], (4 5) 

where the bracket notation signifies that B is the largest integer not 
exccedmg n, + 1 

The optimal balking funcUon is not diHcrentiablc, but the dependence 
of B on the parameters may be determined through numerical analysis 
The plus or minus sign above the fiarameter in equation (4 6) indicates 
how the balking value changes when a parameter changes in value 

-+ + + - + 

B »■ B{p, p„c, t, w, fi, ti„L*} (4 6) 

We can summarize the argument to this point m the following way 
Customers arriving at the firm will join the queue whenever its length is 
less than the expiected length, they will also join the queue when it is 
larger than its expected length if the cost of waiting in it is less than the 
surplus lost plus the expected waiting and search cost of going to the 
alternate supplier The customer will tolerate longer queues (have a 
higher balking value) the lower the price of the good, the higher the price 
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of the Alternate, the greater the service rate of the firm relative to the 
service rate of the alternate, the greater the cost of switchii^ to the 
alternate, and the lower the cost of time 


V. The Queue: Effective Demand and Capacity Utilization in 
the Steady State 

We now seek to derive the effective demand function under the following 
assumptions' (1) The arrival stream is stationary and Poisson with 
parameter k{p) (2) Customer orders arc serviced first come, first served 
by a plant with exponentially distributed service times with mean 1 //i 
(3) Customers have a common balking value B which depends on the 
expected benefits of purchase at the firm relative to the expected benefits 
of purchase from an alternate supplier 

As a consequence of these assumptions there is an absolute limit B on 
the number of customers in the system Our problem then becomes a 
well-known queuing model, the soluuon of which we shall merely 
summarize here * 

Define 

P = >-Ip (5 1) 


as a measure of traffic intensity This is a dimensionless quantity which 
measures the load on the service mechanism or plant The higher p is, 
the greater is the mean rate at which orders arnvc relauve to the plant’s 
mean capacity to fill them Prcscntlj, there arc no limits on p, the mean 
arnval rate may be less than mean capacity, or the facihty may be 
overloaded with mean arrivals exceeding mean capacity 

Now assume that the process reaches a steady-state equilibrium Haight 
(1957) has shown that, if an equilibrium exists with p ^ \, the following 
arc true 




1 - p 
1 - 

0 


p^ 


0 < X < B 
B < X , 


(5 2) 


m 



- (^ + 1 ) 


1 - p 


B* I ’ 


(5 3) 


where p{x) s probability there are x in the system and m sb mean 
number in system It is known that an equilibrium exists if B < oo, which 
IS ensured because consumer surplus R{p) is finite 


* The model u the {MIMjllB) model which denotes Pouwn ams-ali and service with 
single server and limit B on system size The study by Gross and Hams (1974) contains 
a thorough treatment of this model Haight (IS*!?) solves the more general problem of 
balking when there is a distnbution of balking values rather than a single detemunistic 
value His model would seem to be very useful when cuslomen differ in their umc vsduea, 
or when their time values are random but centered around a value such as their wage rate 
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The probability that someone balks is the probability that the number 
in the system equals the balking value B From (5.2) the balking 
probability is 

fi = P{B) = P' (5.4) 

We can interpret p as the long-run proportion of arrivals who balk It 
follows, therefore, that the proportion of searchers who join the queue and 
proceed to purchase the service is 1 — ^ Mean effective demand for the 
service, therefore, is 

r = /l(l - p) (5 5) 

and the load imposed on the system by customers is 


P' = P(J - P) 


(5 6) 


For finite B the balking probability p is positive so that A' < A In 
other words, there is a kind of excess demand for the firm’s product in 
the sense that some potential customers arrive but turn away to the 
alternate because the queue they encounter is at the balking length These 
disappointed, would-be buyers can only be eliminated at the limit as the 
plant’s mean capacity is increased indefinitely (p -♦ oo) 

Since the probability of an idle plant is /(O) = 1 - p', and ^(0) > 0, 
It follows that p' < 1 This interesting result indicates that the firm’s 
mean output rate is less than the mean production capacity of its plant, 
in other words, the process will have excess capacity if it achieves a 
steady-state equihbrium This result holds even if the arnval rate overloads 
the capabilities of the plant, that is, even if p > 1, we will still have 
p' < 1 The parameter p' can be interpreted either as the probability 
that the plant is busy or as the fraction of each time interval the plant 
IS busy 

We arc now in a position to construct the demand function relating 
output to price, the balking value, and the level of capacity Iniually, 
consumers desire to order an average of A(p) units per period However, 
given the balking value B, only A' = A(p)(l — P) units are actually 
ordered The firm loses X{p)p orders each period because customers 
refuse to join the line when its length exceeds B units Lost orders, or 
balks, depicnd on queue length, which is a function of p, and B. 
Subsutuung into (5 5) for P from (5 4), and using p <» ^p)lp, yields 


A' 




{- 


»- iHpm p(/>)i*] 
I - [A(^)/p]'*‘ L M J j 


(5 7) 


Noting the dependence of p on p, B, and p, we can simplify (5 7) to 

A' - X'(p, p, B) - A(p){l - ^(A(p), p, B]}. (5 8) 
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In this formulation the equilibrium mean rate of demand is a function 
of price, mean capacity, and the balking value Recall that we are 
evaluating the function over a restricted domain, because an equilibrium 
does not exist where p' ^ 1 Recall also that A(p) is the mean rate of 
arrival of customers who are willing to buy at the pnce p, provided they 
encounter fewer than B customers, whereas X'{p, p, B) is the equilibnum 
mean number of customers who do buy For this reason I refer to A'( •) 
as the effective demand function while A{ ) is the potential demand 
function 

As a simplification, I treat the effective demand function as being 
continuous and differentiable within the intenor of the region defined by 
p'{p, p, B) < 1 The derivatives arc 

= (1 -/1)A, - < 0, (5 9) 

dp 

H = a; = >0 (5 10) 

dp 

The first equation indicates that the price affects both the arrival rate of 
searchers and the proportion of those searchers who stay A higher pnce 
reduces both the arrival rate and the balking value, thereby causing a 
greater proportion of arnvals to balk Consumers arrive less frequently 
and become more critical of queues when they arc paying a high price 
The next equation is the derivative of effective demand with respect to 
capacity Since larger capacity raises the balking value, it follows that 
< 0 Fewer arrivals balk when p is increased, because the expected 
wait associated with any queue length is less when the plant has higher 
capacity Output increases with capacity because arnvals encounter 
shorter and more rapidly moving queues 

The demand function has a simple interpretation Effective demand 
lies beneath A(^) because some arrivals balk The effective demand curve 
IS less elastic than the potential curve '' When the firm adds capaaty, the 

' “ Since B 11 an iiuegrr, ii is iiol a continuous funclion of pnce However, lor (iiied B, 
the balking probability /! is a continuous function of price The result is that f u piecewue 
continuous with "imaH" jumps at the points of discontinuity where B take* on a new 
integer value We lute no insight by approximating ^ by a contmuous funcuon, and make 
a considerable gam through being allowed to use the calculus and the maiginal revenue— 
marginal cost inlerpretatioru that can be placed on the denvatises 

'' Thu retuli is easily shown Pnce rlasiicity of demand when quality (wasting ttmej 
II held contlanl is { » t,(p/i) Ihe revealed pnce clasucily of demand u 



which It the trtse, cofulanl-qualily pnce elasticity, minus a bias term Since < 0, a 
positive bias tenn is added to the true pnce elasticity, making the absolute value of the 
revealed clasticily {' lest than the true clasumy ( The more congested the Gscilily, the 
closer IS ^ u> I and the greater is the bias llus finding would seem to be uwfial in demand 
studies of service industries and commuiucatioiu where congestioa inAucnces consumer 
demand Ue Vany (I97M) finds that the constant-quality price elasucity of demand kr 
air travel is larger than the revealed pnce elastKily 
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k'{p, ft, B) curve is shifted to the nght, but it only approaches the X{p) 
curve as n approaches infinity 


VI. Market Equilibrium 

Let the expiccted cost function be defined on all X' and p such that 
X' < n and denote the function 

r = r(r.p). (6 1) 

The derivative > 0 is the marginal cost of mean output where the 
variation in X' is subject to < p The derivative > 0 is the marginal 
cost of a higher level of planned mean capacity 

Assume that the firm’s objective is to maximize expected profits The 
firm’s attitude toward risk is ignored here 

The expression for expected profits is 

E{n) = pX'ip, p, B) - p, B), p] (6 2) 

Since ^ IS a monotone decreasing function of p, revenue is a eoneave 
function of p Revenue is also concave in price Costs may be concave or 
convex, but the expected profit expression is assumed to be concave in p 
and p The Kuhn-Tucker conditions are 

P ip- - X(p)fi,] + X(p)(l -fi) £ 0 (6 3) 

M -iP - c,.)X(p)fi, - c, £ 0 (6 4) 

The first term of (6 3), p — is the expression for expected net 
short-run revenue, that is, net revenue when expected output is varied 
within the limits of the capacity constraint Clearly, this term must be 
positive, so that price exceeds the short-run expected marginal cost of 
output 

The bracketed term in (6 3) is the change in output induced by a price 
change (sec [5 9] above) The product of this term with p — C;,. is the 
marginal revenue of a price change holding p — unchanged The term 
~ fi) marginal revenue of a price change holding arrivals 

unchanged 

Equation (6 4) indicates that capacity is expanded to the point where 
the net marginal revenue achieved through reduction of the searchers who 
balk equals the marginal cost of capacity 

It IS useful to think of (6 3) and (6 4) as short- and long-run conditions 
Equation (6 3) is a short-run condition in the sense that the size of the 

Stiglcr (1961) obtains a similar result in analyzing advertuing, though his setung 
IS one of certainty for the firm. This iheorem is analogous lo the iraditional monopoly 
result that p > mt, except that we have shown it to be a sbort-nin condition 
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plant IS fixed and output chants are accomplished by changing price. 
Xhis short-run condition may be written as 

Pil + lle)=c,. (6 5) 

where e is the price elasticity of effective demand X'fpjX'. This is a 
traditional monopoly result in that marginal revenue equals marginal 
cost and price is set in the elastic portion of the demand curve It is 
important to note, however, that the relevant marginal cost in the 
present model is strictly a short-run cost, since c^. is the increase m cost 
leaving capacity fixed Essentially, these costs arc associated with the 
materials consumed in production, such as fuel, steel, electncal energy, 
and so on 

Equation (6 4), which I have idenufied as a long-run condition, may 
be written as 


P = -f, ®) 

This startling result says that price equals the long-run marginal cost of 
output To show that the right-hand side of (6 6) is the long-run marginal 
cost of output, rewrite it as 

<^.1 K + 

a; 

The numerator is the full incremental cost of increasing capacity This 
cost consists of the short-run marginal cost of output times the increase 
in output induced by greater capacity, plus the marginal cost of capacity 
This full incremental cost of capacity is multiplied by 1/.JJ,, the increment 
to capacity required to induce a unit increase in output Thus, the 
right-hand side of (6 6j is the full marginal cost of output when output 
IS increased through an expansion of capacity 

In the Standard model of monopoly, there is no such distinction 
between short- and long-run marginal revenue We can idenufy the 
traditional marginal revenue curve within the present model as the curve 
indicating the additional revenue coming from an extra unit of output 
when price is lowered sufficiently to compiensatc for the additional 
waiting time imposed on the other users of the system In other words, 
the traditional marginal revenue appiears here as the revenue associated 
with a unit increase in output allowing product quahtv to decline. Price 
IS the true marginal revenue of output in the present model, because it 
IS marginal revenue when product qualnv is held constant with capacity 
adjusted to leave waiting time unaffected by the increase in output In 
this sense, the distinction I have made between short- and long-run 
effects IS really a distinction between changes that permit product quality 
to vary and those which hold it constant 
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This analysis sheds some light on a long-nusundentood problem in 
economics It has been said that, if there are empty seats on a train, then 
the marginal cost of hauling another passenger is zero, and efiicienqr 
requires that the price be zero This argument misses the mark on two 
points First, in the arrival and service process of the queuing model, no 
passenger is ever left at the platform by a train having empty scats. Every 
passenger is boarded On average, the tram has empty scats because that 
IS a necessary condition for equilibrium This means that it is the tram, 
and the passengers on board, which would be made to wait unul the 
arrival of an additional passenger if the tram were not to leave with an 
empty seat Second, the marginal cost of hauling another passenger is not 
zero. It IS the cost of the delay imposed on those aboard while they wait 
for the next passenger to arrive If there are E empty scats, passengers 
already on board will have an expected wait of EjX before the train 
departs Another approach is to realize that when we speak of an 
additional passenger we mean a unit increase in the long-run output rate 
of the railroad This additional passenger must pay the full marginal 
cost of his travel The full marginal cost is Cy, here equal to zero, plus 
cost of the incremental capacity required to prevent his usage of the 
system from impiosing delay costs on other users The efficient price is, 
therefore, p = c'l + rather than p = Cy 

It trivially follows that the long-run average cost of output is rising in 
the neighborhood of equilibnum Pnee equals marginal cost, and price 
must equal or exceed average cost for the firm to operate, therefore, 
marginal cost must equal or exceed average cost, and average cost is 
either rising oi at a minimum at equilibrium If profits are zero, average 
cost IS minimized There is no tangcncy solution on the downward- 
sloping portion of the average cost curve ' * 

Vn. Efficiency Considerations 

It has been shown that price equals marginal cost, which suggests that 
the monopoly outcome is efficient In this section it is shown (1) that 
monopoly produces the efficient level of capacity for any level of output 
but (2) that monofjoly marginal cost exceeds marginal social cost so that 
output IS inefficiently small 

First, consider what is required for efficient capacity at any level of 
output The marginal value of capacity must equal its marginal cost 
That this IS true of monopoly can be shown by solving (6 3) and (6 4) 
for p, equating and obtaining 



Thu result echoes the analysu of nionopohsuc competiuon of Oemsetz (1964) 
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The term on the left of (7.1) is the rate at which each consumer is willing 
to trade money for capacity times the number of consumers, and is the 
marginal value of capacity in the market Thus, the marginal value of 
capacity equals Us marginal cost Note that monopoly marginal cost of 
capacity is the social marginal cost 

The next result to be shown is that monopoly output is underproduced. 
Since price equals marginal cost, it suffices to show that monopoly 
marginal cost is greater than social marginal cost Monopoly marginal 
cost is Social marginal cost, the forgone value of resources 

used by the monopolist, is given by 

MC* = c,. + r^(p/A') 

The quantity MC* is the short-run marginal cost of output plus the 
marginal cost of capacity times capacity per unit of output The concavity 
ofdemand in/I implies that 1/A^ > p//', hence n follows that AfC > MC* 
Since the monopolist internalizes the decreasing returns to capacity, 
his marginal cost of output diverges from social marginal cost This result 
IS analogous to the departure of his marginal revenue from marginal 
social value in the standard model 

Vm. Stochastic Determinants of Natural Monopoly 

In this section I explore the sources of decreasing cost that give nse to 
natural monopoly The point 1 establish is that the source of decreasing 
cost relates to product quality, not output 

Consider the equilibrium waiting time obtained from Little’s formula 

M' = /./;•, (8.1) 

where L = expected number in the system Since ?' = /(I — P), we 
have 

M’= L/A(I - (8 2) 

Suppose A and ft arc values such that p = / 'ft ^ 1 The value of p, 
along with B, tompletcl) determines both L and jS 

Now let the size of the market and scale of the plant double; this 
amounts to a doubling of output and capacity while the ratio of arrivals 
to capacity remains unchanged What happens to expected wail and the 
rate of utilization of rapacity^ If there were no balking, a doubling of A 
and p would leave p and L unchanged and would, therefore, cause W to 
fall to half us initial value, as is evident from equation (8 2) when ^ 0 

Capacity utilization is unchanged Tins means a large firm has a lovicr 
waiting tune than a small firm when l>oth utilize their capacity at equal 
intensity, that is, there are economics of scale in the production of quality 
or waiting time 
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When there is baUcing, a similar result holds but capacity utilization 
increases with scale A doubling of scale (in the constant p sense) raises 
the balking value (see eq. [4 6]) This decreases P, so X.' rises by more 
than X, and there is a “small” increase in L. This means A' »= ^(1 — /?) 
rises by more than L when X and p are doubled, and W falls. That is, 
with balking, a proportional increase in the size of the market and plant 
reduces expected wait and increases the effective utilization rate of the 
plant 

The kind of scale expansion I have described is ordinarily not available 
to a firm, because it requires a rightward shift of the demand function 
X(p) The firm may only influence effective demand A'(/>, p, B) through 
choice of p and p For given p, higher p shifts effective demand to the 
right, but by decreasing amounts Thus, at a given price, we expect 
decreasing returns to capacity, with p and p' falling as p is increased ** 
The explanation for this result is simple When the size of the market is 
fixed, expansion of capacity is tantamount to quality improvement, and 
there arc diminishing returns on the demand side to product quality 

As an application of these findings, consider the utilization rate of 
hospital beds Assume that the rate of arrivals is proportional to the 
number of beds m each hospital, so that p is the same for both If there 
were no balking, then each hospital would have the same occupancy 
rate, but the larger hospital would have a shorter average wait for a room 
because of the economies of scale for waiting ume We do expect balking, 
however, since prospective patients have high time value Since the 
balking value depends only on the capacity of the hospitals, assuming 
their room rate is the same, the balking value for the larger hospital will 
be greater But, because of economics of scale, the number of patients 
waiUng for a room will reach the balking value less frequently in the 
large hospital than in the small hospital, so that a smaller proportion of 
arrivals balk at the large hospital For this reason, the larger hospital has 
a larger ratio of effective arnvals to beds than has the smaller hospital 
Its occupancy rate is greater, and it captures a share of the market which 
is greater than its share of beds This result is quite general and seems to 
explain why the share of the market captured by large airlines is greater 
than their share of flights (Douglas and Miller 1973), or why electrical 
utilities in large market areas operate at a higher rate of utilization of 
capacity than do uuhties in small market areas (Smith 1975) 


One way to tcfC whethercapacity has any value to coraumen i< toobierve the change 
in the utilization of capacity when capacity » incrcaied Where capacity hai no value, 
dpjjfi = — Where capacity does have value. 


I) ^ - 

Jfi It* 


X 

It 


Since ^ > 0 and A < have dpjdii < dp'jdit < 0. 
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IX. Further Imum and Observations 

The view of this paper is that, when consumers arc impatient and there 
is a stochastic element in their demand behavior, the capacity of the firm 
becomes an argument in the effective demand function I have shown 
how to obtain the effective demand function from a search process 
through the use of queuing theory, and have further shown how equi¬ 
librium price, output, and capacity are determined 

One result that has important extensions is the finding that the 
monopolist’s price contains a charge for the short-run marginal cost of 
output and an additional charge for the capacity provided which takes 
the form of a congestion toll The congestion toll is not the result of 
periodic peaking of demand, since it is assumed that a stationary 
distribution generates arrivals Incorporation of periodic demand into the 
present model would appear to give a more realistic picture of the peak 
load problem than is given by the usual model, which implicitly assumes 
that the quality of the service has no effect on demand ' * 

The firm’s attitudes toward risk have been ignored here by assuming 
maximization of expected profits It is shown that raising price or the 
level of capacity reduces the variance of the arrival distribution Thu 
suggests that a risk-averse firm might choose to sacrifice some expected 
return for a smaller variance by charging a higher price and providing 
more capacity than a risk-neutral firm On the other hand, the firm’s risk 
aversion may match up with the risk aversion of its consumers, for 
example, they both wish to avoid overloading of the plant The model 
permits the risk preferences on both sides of the market to be studied 

Further exploration is needed in order to assess the results of the usual 
measures employed in dealing with monopiolv What are the consequences 
of the regulated price for the quantity and quality of output^ How does 
rate-of-rcturn regulation affect the outcome’ Another set of issues relates 
to the transient behavior of the system Is there a unique path from one 
equilibrium to another’ Does the queuing process break down along some 
paths so that a new, feasible equilibrium is never reached’ It is reasonable 
to suppose that work in this area would contribute to a theory of 
bankruptcy and enlighten understanding of capacity utilizauon over 
business fluctuations 

We have not here allowed for the establishment of prioritv queues, 
service has been provided on a first come, first served basis One could 
study the process when one or more queues arc established with different 
priorities of service, a case which would arise when consumers have 
different time values In addition, one would like to study the trade-offs 
between price variabilitv and variabiliiy in waiting time My spicculation 

11 That reliability doe* influence the demand for electricity is ihown by Smith (1975) 
Smith’s dissertation is a trsl of an adaptation of the model dcvTloped here 
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IS that m many situations it is cheaper for the consumer to carry an 
inventory of time than it is to carry the higher cash balances that would 
be required if prices were continuously varied to keep waiting time at 
some low, constant value 

Aspiccts of industry structure might be usefully analyzed with the 
model It would seem, for example, that the alleged price rigidity of 
oligopoly might be explained in terms of the pooling of demand variances 
in a few large firms, which would have a dampening effect on price 
fluctuauons Under competition, each individual firm experiences more 
variability and may adjust price more often On the other hand, consumer 
search tends to even out the demand fluctuations experienced by 
individual firms If the cost of search is low enough, it may be possible 
for a compcutive market to act as one big firm in allocating customers 
to stores which are not busy If this were possible, competition might 
internalize the economies of scale and produce the efficient levels of 
waiting time and output (De Vany and Saving 1975) 
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Project Evaluation, Shadow Prices 
and Trade Policy 


Ronald Findlay and Stanislaw Wellisz 

Columhta Unwtrttly 


The problem of how to determine the appropriate shadow prices of 
primary inputs for the evaluation of new projects in an open economy 
subject to distortions is discussed These shadow prices are compared 
with the corresponding free-trade and actual market prices It is shown 
that if the distortion is an output subsidy or tax on existing production, 
the optimal intervention for new projects is subsidies and tiucea on 
primary factors equal to the difference between the shadow prices and 
the market prices and not an output subsidy or single shadow exchange 
rate to provide offsetting protection for the new project It is also shown 
that projects viable under free trade may reduce welfare if they are 
introduced into a distorted economy, while projects that would increase 
welfare in these circumstances might not be viable under free trade 


The general concern with the problems of accelerating the growth of the 
less developed countries has led to an extensive technical literature on 
the appropriate concepts and methods to use in the evaluation of develop¬ 
ment projects Since the price systems of most less developed countnes 
are notonously subject to distortions of cverv conceivable variety, a major 
issue in this field has been the sjjccification of a set of “shadow prices” 
that would truly reflect the relevant costs and returns of the inputs and 
outputs involved in a project 

In the fifties and sixties the fashionable approach to this problem was 
in terms of multisectoral programnung models, of which the contributions 
by Hollis Chenery (1961) and Michael Bruno (1967) are perhaps the 
best known More recently, an OECD manual on methods of cost-benefit 
analysis for developing countries bv Little and Mirrlecs (1969) has 

VVe are grateful to G Calvo, T McCool. C Rodnguez, and an anonymous referee for 
valuable comments We alone, of course, bear responsibility for all errors 
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advocated the use of “world prices’* of traded goods as the relevant 
shadow prices, thus apparently cutting through a maze of heavy com¬ 
putational requirements They elaborate and clarify the approach of the 
OECD manual in Little and Mirrlees (1974). 

The Little-Mirrlces method has given nse to controversy and mis¬ 
understanding in spite of, or perhaps because of, its widespread adoption 
by practitioners This has led to several attempts at exposition and 
clarification of the logical basis of their method, of which the most 
helpful known to us have been by their Oxford colleagues Joshi (1972), 
Lai (1974), and particularly Corden (1974) In this paper we follow him 
in looking at the problem of project evaluation in terms of the “second- 
best” welfare analysis of commercial policy and the theory of optimal 
intervention in a distorted open economy, using the familiar two-good, 
two-factor model to examine the relationship between market prices, 
free-trade prices, and second-best shadow prices of primary factors 
Corden confines his analysis to simple numerical examples, as docs Lai 
At the other extreme is a very elaborate and mathematically complex 
model devised by Dasgupta and Stiglitz (1974) Insofar as we can 
understand them, their emphases, concerns, and results appear to be 
somewhat diflfercnt from those of Corden and ourselves 

The rest of this paper is in two parts The first examines the Little- 
Mirrlees second-best shadow factor prices and the nature of the optimal 
intervention required to implement project evaluation based on it The 
second part compares this approach to the proposal by Bacha and Taylor 
(1971) that projects be selected on the basis of whether or not they would 
be viable under free trade 

I 

Consider the standard perfectly competitive two-factor two-good model 
of trade theory Two inelastically supplied factors called labor and 
“capital” produce two goods under conditions represented by constant 
returns to scale production functions that permit smooth substitution 
between the two inputs Suppiose, further, though it is not really nece.ssary, 
that the strong factor intensity condition is satisfied so that one of the 
goods IS always more capital intensive at any set of factor prices Then, 
given relative product prices, relative factor prices are determined 

If the country is “small,” so that it faces exogenously pven world 
pnccs for the products, the value of production and consumption arc both 
maximized at the given world pnees under free trade Let us now suppose 
that trade is restricted by a subsidy on the production of the importable, 
a tax on the production of the exportable, or both in combination These 
subsidies and taxes are purely distortional since, by hyjxithesis, there is 
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no corrective function for them to fulfill. Relative product prices to 
domestic firms are now altered, and by the Stolper-Samuelson theorem 
the price of the factor used intensively in the importable sector will be 
raised and the other one will be lowered. In our case, let us assume that 
the imfKirtable is capital intensive so that the restrictive trade policy 
raises the rental on capital and reduces the real wage. As a result of the 
distortion, production is no longer maximized at world prices Trade still 
takes place at world pnees and consumers equate marginal rates of 
substitution to world prices, since we have assumed that protection takes 
the form of a subsidy on the output of the importable or a tax on the 
output of the exportable rather than an tm|x>rt tariff, which would 
impose an additional consumption cost 

We now introduce the possibility of producing a third good, which 
also has a fixed price on the world market and a constant returns to 
scale neoclassical production function, as a new project into the distorted 
economy The consumption aspects of the good are irrelevant since with 
Axed world prices production and consumption can be treated separately 
Welfare in terms of whatever basket of goods it is desired to consume (or 
invest) at the fixed world prices would clearly increase if introduction of 
the new good resulted in an increase in the value of domestic production 
at world prices, since this would increase the purchasing power of the 
nation in the world market Hence, the tntenon for acceptance of the 
project IS whether or not it will increase the value of total production at 
world prices as compared with the existing situation, assuming that the 
distortional policy on the existing goods conUnucs unchanged This makes 
the problem an inherently second-best one 

Suppose that world prices arc measured in terms of some numeraire 
such as the U S dollar The return from producing one unit of the new 
good would be the fixed pnee of this good on the world market What 
would be the cost’ If a unit of capital or labor is released from existing 
production there will be some rcducUon in the value of this production 
at world prices This would measure the appropriate shadow pncc in each 
case, according to the Lmlc-Mirrlecs method Using these shadow pnees, 
we can find the combination of capital and labor that minimizes the cost 
of producing one unit of the new commodity at these pnees If the total 
cost in terms of shadow pnees of this efficient combinauon is greater than 
the world pncc, then the project should be rejected If it is less it should 
be accepted, and if it is equal the project would be exactly on the margin. 

Formally, the situation can be analyzed by some elementary notions 
of linear programming In terms of world pnees, the initial situation can 
be desenbed as the solution to the following problem maximize 
y = + Ai-^i subject to g L, a\^X^ -1- ^ K, 

where p* and p* are the world pnees, .Y, and output levels of 



JOURNAL OF POLTnOAL ECONCOIY 


546 

the two goods in the restricted trade situation, and the alj refer to the 
capital and labor coefficients per unit of each output corresponding to 
the techniques chosen by domestic producers in that situation 

These technical coefficients are determined by the behavior of domestic 
producers who are interested in maximizing profits at the tax and subsidy 
inclusive prices Their problem is to maximize Z == (1 + s)p*Xi + 
(1 — t)p\X 2 subject to X^ = X^{Li, Kj), X 2 = A' 2 (Z- 2 > -^i)* + ^2 ^ 

L, + K2 ^ X, where s and t are the subsidy and tax, respectively, 
either but not both of which may be zero. 

The solution to this nonlinear problem gives the a,° of the first problem 
on division of Xi and X^ by /,,, Ki, and Given this set of a°, the 
solution X^, X 2 that maximizes V is the same as the one that maximizes Z 
with strict equality m the constraints in both cases 

The planner, who is interested in V, uses the socially correct world 
prices to evaluate A", and Aj but is forced to recognize that resources are 
used inefficiently by the private sector as the result of the distortion in 
relative product prices, since by hypothesis there is nothing that he can 
do to alter the af/s that result from profit maximization by the pnvate 
sector at those distorted prices 

The appropriate second-best shadow prices for the planners to use is 
given by the dual to maximizing r, which IS minimize = w°L -I- w\K 
subject to a?,a® + ajjiD^ ^ /*. ‘*12'*’? + “22^2 ^ P*> where w° and m® 
are the shadow pnees of labor and capital, respectively With both goods 
produced in positive amounts in the primal problem, both constraints 
will hold with equality in the dual yielding tti? and tu® as the solution to 
the system of two linear equations The decision on whether or not to 
accept or reject the new project therefore depends upon whether 
P2 $ where a ®3 and a ®3 are the labor and capital 

coeffiuents for the third good that minimize its cost of production at the 
shadow pnees Ul® and w®, and is the fixed world price of the new good 
The entenon can be written equivalent!) as^5 % P*[^X^)° + p*{AX 2 )°, 
where (AAj)® and (AA 2 )® are the changes in the levels of A, and A 2 
that are necessary to release the amounts of labor and capital a ®3 and <]®3 
that arc needed to produce one unit of the new good 

The market pnees of labor and capital, however, arc the values w, 
and W 2 that satisfy = (1 + ^)P*, = 

(1 - 1)P2 

It IS readily seen that W2 > UI2 and tii, < m® since protection of the 
capital intensive good raises the rental on capital and reduces the real 
wage of labor Consequently, the optimal intervention required to offset 
the distortion is to give a subsidy of (tt>2 “ tf®) o” the use of capital and 
to place a tax of (w° — ui|) on the use of labor Producers should receive 
the world price of the output of the new good—that is, there should be 
no subsidies on output 
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In his discussion of the problem, Corden (1974, p 398) states that 
projects accepted on the Little-Mirrlees entenon would require an output 
subsidy to make them viable in the distorted market situation He 
appears here to be implicitly assuming fixed coefficients for the new good, 
in which case he would be correct The distortion of relative factor prices 
is of no consequence when there is no choice of technique problem Any 
method that makes domestic producers break even is acceptable, and, in 
terms of our notation, an output subsidy on the new good of ^ = 
~ P* would be equivalent to our capital subsidy and 
labor tax. With variable coefficients, however, an output subsidy alone 
would never offset the distortion in rclauve factor prices, and so it cannot 
be the optimal method of intervention It also follows for the same reason 
that a “shadow rate of exchange” applied to the project cannot optimally 
offset the distortion in relative factor prices and can only be correct in 
the case of fixed coefficients Corden’s statement (p 395) that the Little- 
Mirrlces and shadow exchange rate methods are equivalent is therefore 
strictly true only for the case of fixed coefficients 

In their own treatment of the problem of deciding whether or not and 
by what technique to produce a new good. Little and Mirrlces (1974, 
p 178) treat production of the good with each technique as a separate 
project and select the one with the highest net present value in terms of 
world prices In principle, their solution and ours will give the same 
result We are able to be more explicit about the natiu-e of the solution 
since we have specified a simple structure for the economy into which 
the project is to be introduced Unlike Corden and ourselves, however, 
they do not go into the question of the nature of the intervention needed 
to make the project viable if it is to be accepted 

In yet another exposition of ihcir approach, Little and Mirrlees (1973, 
p 262) state that it is equivalent to the shadow exchange rale method, 
differing only in the choice of the numeraire, which of course contradicts 
our own contention above What they apparently mean, however, is 
that the same assumptions must lead to the same results, independent of 
whether calculations arc done in terms of foreign exchange or domestic 
currency, which is, of course, true But their statement can be misleading 
if It is interpreted as implying that project evaluation in a distorted open 
economy can be effectively earned out simply b\ using a single appropn- 
atc shadow exchange rate It is sometimes thought that foreign-trade 
taxes and subsidies only distort the foreign-exchange market, and so, in 
the absence of direct distortions in factor markets (such as union-induced 
wage differentials, imperfections in the capital market, etc ), all that 
needs to be done is to get the exchange rate right As we hope to have 
shown conclusively, however, factor markets can be perfect, but factor 
prices may nevertheless be badly out of line with what they should be 
for a second-best optimum 
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An alternative criterion to use in evaluating a project at world prices is 
whether pr not it could be viable in a situation of general free trade, as 
recommended by Bacha and Taylor (1971) This would clearly be an 
appealing procedure if trade liberalization were contemplated for the 
not too distant future In this case, the prices of outputs continue to be 
the world prices, but the relevant shadow prices for the factors are those 
that would prevail in free-trade equilibrium instead of the second-best 
shadow prices derived in the previous section 

While the difference between these two approaches is recognized, there 
are some interesting questions about the relationships between them that 
have not been adequately answered or even posed For instance: (1) Will 
projects approved by the Littlc-Mirrlees method also be viable under 
free traded (2) Under what circumstances would the Little-Mirrlees and 
Bacha-Taylor approaches coincide^ (3) Will a project that would be 
viable under free trade always be accepted by the Little-Mirrlees method 

We attempt to resolve these questions in what follows The difference 
between the market factor pnees and the second-best and free-trade 
shadow factor prices can be compactly represented in matnx-vector 
notation Let Aq and A* denote the technology matrices under restricted 
and free trade, respectively, and / and p* the market and world product 
price vectors We then have w = A^^p for the market factor pnees, 
ti>® = Ag *p* for the second-best shadow factor pnees, and w* = A*~^p* 
for the free-trade shadow factor prices 

The Bacha-Taylor method requires the calculation of w* and w* from 
the above relationship, and a project will be accepted or rejected depend¬ 
ing upon whether p* ^ where a*^ and 0*3 are the 

technical coefficients that minitmzc the cost of producing a imit of the 
new commodity at the w* factor-pnee vector It is immediately apparent 
that the Littlc-Mirrlecs and Bacha-Taylor approaches coincide if and 
only if and A* are identical, which would be the case if there are fixed 
techmeal coefficients in existing production, both methods will select the 
same techmquc for the new good if the possibility of choice exists in its 
production This is a useful result if, as seems quite plausible, technical 
coefficients are vanable ex ante and fixed ex jxist The two methods are 
eqmvaient m this case, and the answers to our first and third questions 
will both be in the affirmative In general, however, A^ and A* will not 
coincide, and then both questions remain open It will now be convenient 
to proceed with a diagrammatic analysis for the further resolution of 
these questions 

The relationship between the three sets of factor pnees is depicted 
geometncally in the Lcmer diagram of figure 1 The FF is the factor 
price hne correspionding to the free-trade situation, with the isoquants 
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for the two goods representing output levels that have the same value 
at world prices Line MM corresponds to the actual market factor pnee 
line, with the isoquants tangential to it represenung output levels that 
have the same value at internal pnees with less of the capital-intensive 
good being worth the same amount of the other good as a result of the 
protection it receives The price of capital is higher and the pnee of labor 
lower in accordance with the Stolpcr-Samuelson theorem, and both 
capital-labor ratios will fall Line SS represents the shadow factor prices 
corresponding to the same capital-labor ratios as in the protection 
situation but with relative product prices being the same as under free 
trade, so that wc arc on the same pair of isoquants as in that situation 
Both FF and SS arc sleepier than MM, indicatmg a lower pnee of 
capital and a higher price of labor In comparison with each other, 
however, it is not possible to say whether FF is Steepler than SS or the 
other way around The outcome dcpiends on the relative elasticities of 
substitution in the two sectors This is clearly brought out by considering 
two extreme situations First, suppxisc that the elasticity of substitution 
in the capital-intensive sector were zero so that the isoquant tangential to 
FF IS L-shapicd, while the isoquant for the labor-intensive good is convex 
In this case it is readily seen that the slope of SS must be in between 
that of MM and FF If the situation were reversed, however, with zero 
elasticity of substitution m the labor-intensive good, then SS would be 
Steepler than FF, which is of course always sleepier than AIM 
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We now investigate the relationship between the second-best criterion 
of requiring a new project to increase the value of total output at world 
pnees with protection continiung to be given to one of the existing goods 
and the entenon of requiring the new project to be viable in a situation 
of general free trade A project would be viable if under free trade the 
isoquant for the new good having the same value at world prices as the 
isoquants for the two existing goods tangential to FF does not lie entirely 
outside FF In other words, this isoquant must cither cut FF or be tan¬ 
gential to it at some point for the project to be viable under free trade 
On the second-best entenon the project passes if this same isoquant cuts 
SS or IS tangential to it at some point 

If FF and SS intersect, then it is clear that a project may (a) pass both 
tests, (A) fail both tests, (c) pass the second-best test and fail the free-trade 
test, or (d) pass the free-trade test and fail the second-best test 

If FF were to he entirely inside SS, as is possible, the last case would be 
ruled out Any project that would be viable under free trade would be 
accepted under the Little-Mirrlees approach Another way to express this 
situation IS to say that passing the Littlc-Mirrlees second-best test is 
necessary but not sufficient for passing the Bacha-Taylor free-trade test, 
while passing the latter is sufficient but not necessary for passing the former 

The fact that a project accepted by the Littlc-Mirrlccs approach 
might not be viable under free trade may not be sufficiently realized, and 
Little and Mirrlees do not explicitly draw attention to it as far as we 
are aware The unwary might all too easily imagine that a project which 
had passed a world-price test with flying colors must be able to stand on 
Its own under free trade As our previous analysis has shown, however, 
this IS strictly true only if there tu:c fixed technical coefficients in all 
sectors of existing production 

Possibihty (d), that a project which would be viable under free trade 
could reduce the value of total output at world prices in the distorted 
situation, is certainly not intuitive and has not been noted anywhere to the 
best of our knowledge Passing the Bacha-Taylor test is not sufficient, 
as well as of course not necessary, for passing the Little-Mirrlees test, 
except for the situation in which FF lies entirely inside 55 It is not 
possible for the reverse situation, 55 entirely inside FF, to occur This 
means that it is impossible to have a situation in which passmg the 
free-trade test is necessary but not sufficient for passing the second-best 
test, or m which passing the second-best test is sufficient but not necessary 
for passing the free-trade test 

If the Bacha-Taylor criterion were adopted, the optimal subsidy-tax 
vector for factor prices would be (ui — w*) since this would induce 
private producers to use the correct free-trade factor pnees w* instead 
of the market pnees w in their choice of factor proportions for any new 
good. For exactly the same reason that a second-best shadow exchange 
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rate or an output subsidy will not be the optimal form of intervention to 
implement project evaluation ik la Little-Mirrlees, a “free-trade equi¬ 
librium” exchange rate or an output subsidy will not be optimal for the 
Bacha-Taylor criterion unless there are fixed coefficients of production 
for the new good 

The model that we have used in this paper is a very simple one, but 
much more generahty can be introduced without altering the logic of 
the analysis. It is readily apparent that the case of n pnmary factors and 
n tradable goods only requires us to alter the dimensions of the technology 
matrices and the product and factor-pnce vectors In principle our 
methods can be extended to cover all the disaggregation of the mulu- 
sectoral programming models, which will be necessary for any realistic 
empirical application of the cost-benefit methods we have been exam¬ 
ining In this connection it is curious to note that Little and Mirrlees 
express some hostility to the mathematical programming approach and 
give the impression that their world-pnce method is somehow much 
simpler and easier to implement In our opinion, however, a consistent 
and exact application of the Littlc-Mirrlees method would require the 
same amount of information and computauon as the large models that 
they criticize Our simple linear programming methods applied to their 
criterion help to bring out the essential unity of these seemingly different 
approaches to project evaluation in distorted open economies TTie 
world-pnce approach undoubtedly simplifies and clanfies the general 
principles underlying the appheauon of cost-benefit analysis, but it is an 
illusion to think that it therefore economizes on data and calculauon as 
well It IS simple and illuminating to say that the shadow pnee of an input 
IS just the foreign exchange value of the decline in total production that 
would result if there were one unit less of that input It is no easy matter, 
however, to translate this principle into a meaningful number, since the 
sectoral composition of the change in physical production has to be 
estimated, and this is just what one does in a programming exercise 

We conclude by summarizing the results of our analysis, which arc 
as follows 

1 Second-best shadow factor prices have been explicitly derived and 
compared with market prices and free-trade pnccs 

2 The optimal way to offset the effects of distortions in the relative 
prices of existing goods on the production of a new good is by subsidies 
and taxes on the market pnccs of factors to make them correspond to the 
relevant shadow prices 

3 Output subsidies or cxchangc-raic adjustments are not the optunad 
form of intervention except when there are fixed coefficients of production 
for the new good 

4 Second-best and free-trade shadow factor pnccs are identical if 
and only if there are fixed technical coefficients in existing production 
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5. When technical coefficients are variable, projects that would be 
viable under free trade may reduce welfare if distortions continue, while 
projects that would improve welfare under these circumstances may not 
be viable if trade is liberaliaed This shows how sensitively cost-benefit 
calculations depend on assumptions made about the future course of 
trade policy, which is usually highly uncertain in most developing 
countnes, thus pointing to a painful dilemma for the project evaluator 

6 There is a basic unity to the world-pnce and programming 
approaches to project evaluation, the data and computational require¬ 
ments for a complete analysis being the same in both cases. 
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National Health Insurance: 

Some Costs and Effects 
of Mandated Employee Coverage 


Bridger M Mitchell and Charles E. Phelps 
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This paper assesses some economic consequences of financing national 
health insurance by mandating that employers provide insurance for 
their employees and dependents Effects in 1975 are simulated using 
data from a 1970 health care survey The findings are as follows (1) 
Employer premiums would rise between $5 and $21 billion for plans 
under congressional consideration (2) Without offsetting subsidies, 
these premium increases will cause a transitory increase in unemploy¬ 
ment of 0 4-1 4 percentage points (3) As employer premium payments 
are shifted to employees, taxable income will fall, leading to additional 
tax expenditures of $1 3-$5 9 billion (4) Tax expenditure on existing 
subsidies to health insurance is $6 4 billion 


I. Introduction 


Sir. 1 obey the mandate 
[Olhello^ Ij 


Private health insurance is today a major industry in the United States, 
with annual premiums in 1975 amounting to some $29 billion Group 
health insurance, 96 percent of which is provided through employers and 


This research was supported in pan by grant HS 1029-01 from the National Center for 
Health Services Research, Deparlment of Health, Education, and Welfare, and in part 
by the Health Insurance Study, a gram from the Deparlment of Health, Education, and 
Welfare The opinions and conclusions expressed herein arc solely those of ihe authors and 
should not be construed as representing the opinions or policy of any agency of the U.S 
government The data were generously provided to us by Ronald Andersen, Study 
Director of the 1970 Health Care Survey which was conducted by the Center for Health 
Administration Studies of ihc University of Chicago Helplul comments on previous 
drafts of this paper were given by Michael Boskin and Mark Freeland, by RAND 
colleagues Stanley M Bearn, Craig Foch, John Koehler, and Joseph P Newhousr, and 
by an anonymous referee for ibis Journal We also extend our grauiudc to Bryam Mon 
for careful computational analysis Liability for errors remaining in the paper resU solely 
with us A longer version of this paper has been published as RAND Corpotation report 
R-1509-HEW (1975) 

[Jewna! of Pohlu^i Eionomy, 1976 vo} R4 no 9] 

O 1976 by The Univcratty of ChiraKo All rifhU tricrvrd 

553 



JOURNAL OF POLITICAL ECONOMV 

labor unions, accounts for 83 percent of the total premiums, including 
approximately $3 billion in charges for administraUve services and 
nsk bearing ‘ 

While employer group health insurance has brought coverage to a 
large number of Americans (70 percent of all full-time employees), there 
IS strong public interest in establishing some form of national health 
insurance (NHI) to make protection against health care expenses 
universally available One proposed approach to financing a national 
plan IS to require by law that all employers make available health 
insurance policies of specified benefits and characteristics to cover all 
employees and their dependents This “mandated” approach would 
extend health insurance coverage to some 30 percent of the full-time 
workers who are not already covered under employer fringe benefits and 
would increase the benefits for most presently insured workers To be 
universal in coverage, mandated employer group health insurance must 
be combined with some other method of insunng piersons who are neither 
dependents of nor are themselves regular full-time employees—persons 
who are chronically ill, disabled, unemployed, retired, or students The 
mandated approach to financing is the keystone of several prominent 
NHI profiosals, including the administration’s Comprehensive Health 
Insurance Program, and bills sponsored by the Amencan Medical 
Association, the American Hospital Association, and the Chamber of 
Commerce (U S Department of Health, Education, and Welfare 19746) 

In the following section we report the increases in premium payments 
that employers would be required to make in order to meet the minimum 
standards of coverage mandated under several NHI proposals, our 
analysis highlights the differences that are observed across broad industrial 
classifications Then, using these estimates of increased premiums, we 
estimate in Section III the short-run reductions in employment to be 
anticipated because of the higher nominal costs of hiring additional 
workers 

In Section IV we assess the extent of personal income tax subsidies of 
insurance that have occurred as a result of the payment of insurance 
premiums by employers As nontaxable fringe benefits, the compensation 
received in this form is exempt from personal income, corporate income, 
and social secunty taxes We estimate both the implicit tax expenditure 
resulting from current employer-paid premiums and the additional tax 
revenue that would be forgone under mandated NHI, assuming that 
current tax law is unchanged ^ 

‘ These values are projections of 1970 data Methods of projection to 1975 levels and a 
description of the distributions of coverage and premiums are available in Mitchell and 
Phelps (1975) 

^ Since this study focuses on employer group insurance, we direct our assessment of the 
tax expenditure to that insurance only An earlier study (Mitchell and Vogel 1975) 
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Private health insurance and existing public programs currently pay 
for approximately half of all personal medical expenses, with average 
reimbursement rates ranging from 90 percent for hospitalization to 
approximately 40 percent for ambulatory care and substantially less for 
other services (Newhouse, Phelps, and Schwartz 1974) The proportion 
of costs reimbursed under an NHI plan varies widely according to the 
deductible and coinsurance payments required of patients and the 
number of services covered Some bills would result in little change, the 
administration bill would increase reimbursement to an estimated 
average of35-60 percent, others would provide nearly complete payment 
Because administrative costs are a roughly constant percentage of benefits 
paid, the increases in total premiums (Sec II) provide a useful summary 
measure of the increased reimbursement 
An NHI plan could have important consequences for social welfare by 
altering the distribution of nsk beanng, the price, quantity, and quality of 
medical care, and the supply of labor (at least for workers at or near the 
minimum wage) These economic costs have been discussed by, for 
example, Arrow (1963, 1973<i, 19734), Pauly (1968, 1969), Zeckhauser 
(1970), Fcldstcin (1973), and Phelps (1973) The present paper focuses on 
the changes in budgetary costs for employers and taxpayers that would 
result from mandated financing by employers and may be considered 
complementary to the earlier analyses of the social costs of insurance 


11. Employer Cost of Mandated Insurance 

To estimate the increase in employer premiums that would occur under a 
mandated program, we will compare the present level of employer 
premium payments on behalf of each full-time employee and his family 
with the amounts that would result from vanous levels of mandated 
benefits The relevant parameters of mandated insurance are the total 
premium, T^, needed to provide the mandated benefits and the mimmum 
share, S„, that would be required of employers Thus, an employer would 
pay E„ = pc'" employee electing coverage, with the employee 

paying the balance of (1 — S„) T„ The total prenruum further depends 
on whether coverage is for an individual or for both the employee and 
his family The financial parameters of a mandated plan may thus be 
summarized by the vector {S^, individual, family) For example, 
for fiscal 1975 the administration bill has an average individual premium 
= $240 and an average family premium = $600 and requires 
an employer share of = 0 65, which must be increased after 3 years 


estimated the tax subsidies arising from personal income lax deductions of health in¬ 
surance premiums paid directly by families, together with the dircci subsidy to medical 
caie arising from deductions of unreimbursed medical expenses 
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premium shares that range from 50 to 75 percent. 


Definition of Insurance Units 

Wc have classified all individuals and families with one or more full-time 
workers into either individual or family insurance touts in order to esUmate 
the number of individual and family policies that will be required. 

Individual insurance units consist of (1) single (unrelated) individuals 
working full-umc. and (2) households of two full-Umc workers with no 
dependents, m which case each person is considered a separate, individual 
unit Under a mandated NHI plan, a husband and wife with no other 
dependents, both working full-time, will be able to obtain the same 
coverage at lower personal cost by purchasing two individual policies 
rather than one family policy ■* 

Family insurance units consist of all other households having at least one 
full-time worker This category includes couples one member of which 
IS not working full-time, families with children, and other types of 
families 

Estimates of Increased Employer Premiums 

If the insurance unit is not covered at the time NHI is mandated, the 
mandated employer premium payment, E„, for that unit is equal to the 
mandated employer share times the total premium, that is, E„ = S„T„ 

However, m the case of a worker for whom an employer is already 
making premium payments E, the employer’s contribution must increase 
by £„ - E, unless the employer payment already exceeds E„ Thus, our 
estimate of the increased employer payment for an insurance unit is 
AE = max(£„ — 0) ’ 

When an insurance unit with nonworking dependents has two or more 
full-time workers and is now covered by group insurance policies from 
more than one employer, wc have taken the current employer contn- 

’ Under all mandated NHI plans, total premiums paid by individual firms will vary 
somewhat according to the age distribution and health expenence of their employees 
All calculations in this study are based on average premium values as estimated by U S 
Department of Health, Education, and Welfore (l974o) 

* Such a couple may at present not have two single policies (e g , one employer may 
not provide any coverage), and the couple may therefore be covered by a family policy 
&om one employer 

’ Somewhat larger increases in employer premiums would result if employers maintain 
their current share if it now exceeds the mandated percentage, whereas a smaller increaK 
in ptemiums could result if employers who now provide a very broad spectrum of services 
were to reduce them to those mandated Our estimates arc o^y slightly afiTected by these 
asnimptions and may be considered conservative (see Mitchell and Phelps 1975) 
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bution, E, to be the sum of the employer contributions for all policies 
Our calculation, therefore, assumes that a single mandated family policy 
would replace the two or more poheies now covenng that unit About 
25 percent of the insurance units classified as families fall into this 
category 

Data Source 

Our basic data source for this study is a stratified (weighted) national 
probability cluster sample of the noninstitutionalized U S population 
in 1970,® The uniquely valuable feature of these data is that they include 
the insurance premiums paid by (or for) the sample families, obtained 
from verification forms sent to each insurer named by the fanulies 
interviewed Thus, explicit data on total premiums, plus a breakdown 
of payments by employer and by family, are available, and, since the 
data derive from insurance company records, problems of recall error by 
respondents are minimized 

However, for about one-third of the insured households, verified 
insurance premiums were unavailable, primarily because the insurers 
had not respionded to requests for premium data We discarded those 
observations and then reweightcd the remaining (insured) observaUons 
to correspond to the proportion of the entire sample with group insurance 
policies ^ 

Projections to 1975 Levels 

Our data source contains information on premiums of employed piersons 
in 1970 To estimate effects of mandated NHI in 1975, we made three 
types of adjustments (1) To represent the “normal employment” labor 
force in 1975, the sample was rcweighted by extrapolating employment 
growth rates observed from 1970 to 1973 (2) To reflect both real changes 
in amounts of coverage as well as nominal price increases in insurance 
resulting from inflation, premiums for 1970 jxilicies were multiplied by a 
factor of 1 6, denved by extrapiolaung observed premium growth rates 
from 1970 to 1973 (3) To provide the basis for calculating the tax rates 
that would apply to employer premium payments if they were declared 
taxable (see Sec IV), incomes of families in 1970 were increased to 1975 
levels using industry-specific growth rates observed for carnmgs from 
1970 to 1973 

* A dcscnpiion of the study and survey methodology is contained in Andersen et at 
(1972) 

^ Our estimate using this venfied subsample projects an aggregate $13 IS bilbon m 
premiums in 1970, or about 3 8 percent less than the $13 65 estimate from Mueller (1972) 
If we included part-time workers with insurance, our aggregate estimate would rise 
slightly Thus, little if any bias results from the use of families with only venfied premiums. 
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TABLE ! 

Increase in Employer Premium Payments for 
Three Representative NHl Plans, 1975 



Low 

Intermediate 

High 


Level of Mandated 


Employer Contributions 

Total premium 




Individual, family 

$200, $500 

$240, $600 

$320, $1,000 

Mandated employer share 

50% 

65% 

75% 


Increase in Employer Premiums 

Increase m premium (billions) 

$4 88 

$8 81 

$21 25 

Mean increase per worker 

$70 

$126 

$304 


Results 

The total increases in employer premium payments that would result 
from three levels of coverage—NHl plans that are representative of the 
range of proposals before the Congress—are summanzed in table 1 ® 
The low-coverage plan would have total premiums of $200 per individual 
and $500 per family, with an employer share of 50 percent The high- 
coverage plan would have premiums of $320 for individuals and $1,000 
for farmlies and would require a 75 percent employer share These two 
plans are approximately the levels of the coverage required under the 
bills introduced, respectively, by Representatives Fannin and Ullman 
An intermediate plan, corresjxmding to the administration’s NHl bill, 
has individual premiums of $240 and family premiums of $600 and 
requires a 65 percent employer share ’ 

For the administration bill, which mandates (0 65, $240, $600), the 
increase in 1975 employer premiums (family plus individual policies) is 
estimated at $8 8 billion If a 75 percent employer share (required after 
3 years under the administration bill) were mandated in 1975, the 
increase in employer premiums rises to $10 7 billion By comparison, 
total 1975 health insurance premiums paid by employers are estimated 
to be $16 billion 

For the low-coverage bill, which mandates (0 50, $200, $500), the 
estimated increase in employer premiums is $4 9 billion, or about 
55 percent as large as the increases under the administration bill Most 

* These esumates are denved from more detailed tables available in Mitchell and 
Phelps (1975) 

’ The bill introduced in April 1975 by Representative Fulton and supported by the 
Amencan Medical Association also requires a 65 percent share, the medical services 
covered are similar to those of the admirastration bill, but lower out-of-pocket payments 
would be required Total family premiums lor this bill would therefore be greater than 
$600 but leu than $1,000 
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of the difference in increased premiums between the two bills is due to 
the reduction from 65 to 50 percent in the required employer share 
rather than to the difference in the mandated premium levels 

For the high-coverage bill, which mandates (0 75, $320, $1,000), the 
estimated increase in employer premiums is $21.2 billion These increases 
are approximately 2 4 times as large as those resulting from the admin¬ 
istration’s plan, although the total premiums required are only about 
two-thirds higher 

Per full-time worker, the average increases in employer premiums are 
$70 for the low-coverage plan, $126 for the administration plan ($153 if 
the mandated share is 75 percent), and $304 for the high-coveragc plan 
By comparison, average employer payments per worker in 1975 arc 
estimated to be $231 ($330 per insured worker) 


m. Short-Term Unemployment Effects of Mandated 

National Health Insurance 

To the extent that the employer premium payments mandated by an 
NHI bill arc larger than existing employer insurance contributions, a 
mandated insurance program will increase the costs to an employer of 
hiring each worker In this section, we demonstrate that premium 
increases will cause transitory but not permanent decreases in the level 
of employment, and we estimate the short-run unemployment generated 
by various NHI plans 

The Long-Run Incidence oj Employer Premiums 

Like employer-paid payroll taxes, mandated insurance premium pay¬ 
ments by employers arc a component of a firm’s total labor compensation 
Research on the incidence of taxation has generally concluded that 
payroll taxes are predominantly, if not romplcldy, borne by labor in the 
long run (Pechman, Aaron, and Taussig 1968, Brittain 1971, 1972) 
Generalizations of the conventional theory (Boskin 1972, Feldslcm 1972, 
1974) establish that eventually a small proportion of the payroll tax may 
be borne by capital We will assume that if employers arc required by law 
to increase their premium payments above present levels, in the future 
wages will change to reflect those increased costs of labor, so that the 
incidence of employer-paid insurance premiums will in the long run fall 
entirely on labor As a result, mandated insurance will have, with minor 
exceptions noted below, essentially no long-term effects on the aggregate 
level of employment ‘ ^ 

Under this assumption, Ihc long-run substitution of tax-free insurance benefits for 
taxable cash wages will result in a reduction of tax revenues, an effect which we analyze 
mSec IV 
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Methodology of Estimating Transttoty Unemployment Effects 

If, m the short run, wages arc inflexible downward, an increase in 
employer premium payments would be accompanied by a period of 
disequilibrium during which time employers’ demand for labor would 
be altered Since a mandated premium is a quasi-flxcd cost, one that 
vanes with the number of workers but not with the number of hours 
worked, employers would have some incentive to substitute overtime 
work for additional employees in order to minimize costs ‘ ‘ Most likely, 
employers would accomplish this change in the employment pattern by 
reducing the rate of new hinng and postponing the replacement of 
employees who quit, substituting for their services an increase in overtime 
hours from the remaining employees The generally high rate of turnover 
in most industries (e g , 4 percent per month m manufacturing) allows 
this process to occur quite rapidly 

Before the effective date of newly mandated insurance, we assume that 
unemployment is at some normal level caused by job turnover and fiscal 
and monetary policies Shortly before the date on which increased 
employer premiums are required, firms will begin to react by increasing 
overtime and reducing the rate of hiring, until sometime later a maximum 
reduction in full-time employees is reached Thereafter, the rate of 
unemployment gradually returns to its normal level as increases in the 
general pnee level and m worker productivity permit firms to adjust 
real wages, inclusive of fringe benefits, without reducing money wages * ^ 

The peak transitory unemployment level will be determined by the 
existing level of employer premium payments, the mandated premium 
cost, and the ability of the firm to adjust to short-run employee com¬ 
pensation changes To estimate the imemployment effect, we combine 
our estimates of the increases in employer health insurance premiums 
(shown by industry in table 2) with calculations of the trade-off between 
overtime hours and the level of fringe benefits, on the assumption that 
total hours of work remain constant As described m the Appendix, this 
trade-off is estimated on the basis of Ehrenberg’s (1971) study of the 
cost-minirmzing rate of substitution between overtime hours and the 
number of employees in major U S industries 

Results 

Table 3 presents the estimated increases in the unemployment rate 
created by the higher employer premiums under the three representative 
levels of coverage described earlier Over all industries, the uncmploy- 

' ‘ These cost-minimizing incentives will exist even tf some firms were able to recover 
the increased premium costs by raising prices 

* * We neglect the much smaller changes in the permanent structure of unemployment 
that may result from the permanently increased proportion of total labor compensation 
that fringe benefits constitute 
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TABLE 2 

Average Inoreaie in Employer Frbuiume per Worker, by Induitry, 
FOR Three Representative NHI Plans, 1975 


Low Intermediate High 


Mandated Employer Contribution 


Total premium 

Individual, family $200, S500 $240, $600 $320, SI.000 

Mandated employer share 50% 65% 75% 

Dollars per Worker 
(% Annual Wage Earnings) 


Industry 

Agriculture 

$97 (2 1%) 

$164 (3 5%) 

$361 (7 7%) 

Construction 

81 (0 7) 

139 (1 2) 

326 (2 8) 

Manufacturing 

39 (0 4) 

71 (0 6) 

219 (2 0) 

Transportation 

55 (0 4) 

no (0 8) 

296 (2 1) 

Wholesale, retail trade 

43 (0 5) 

85 (I 0) 

251 (2 8) 

Finance, insurance, real estate 

86 (0 8) 

147 (1 4) 

330 (3 1) 

Service 

86 (1 1) 

156 (1 9) 

355 (4 4) 

Other 

82 (0 8) 

146 (I 4) 

325 (3 1) 

Total 

$70 (0 7%) 

$126 (I 2%) 

$304 (2 9%) 


ment rate would increase by 0 3 percentage pioints for a low-coverage 
plan, 0 6 for the intermediate plan, and as much as 1 4 for a high- 
coverage plan Ehrenberg has no estimate of the subsUtution cflfcct for 
agriculture, but because a larger increase in employment premiums is 
required in agriculture than in any other industry and because average 
wages are low, the unemployment effects could be substantial If an 
average trade-off level for other industries is assumed, the unemployment 
increases are 0 9, 15, and 3 2 percentage points, respectively, for the 
three representative plans Other sectors with relatively large unemploy¬ 
ment effects are construction, wholesale and retail trade, and services, 
in these industries the unemployment effect would range from 0 4 to 
1 percentage point for the intermediate plan and would rise to 1 1-2 1 
percentage points for the high-coverage plan ' ^ 

A lower-bound estimate of the time that must pass before firms succeed 
m shifting the increased premiums to workers and unemployment returns 
to normal levels may be obtained if we assume that firms arc able to hold 
nominal wages constant from the date that new' premiums are mandated 

If one were to assume lhai all bul unionized firms could instantly adjust nominal 
wages by the amount of increased premiums, the total unemployment effects would be 
approximately one-third those reported If national health insurance were Bnanced by 
payroll taxes rather than by mandated premiums, similar but less pronounced employ¬ 
ment effects would result For persons whose wage income is above the maximum taxable 
earnings, an increase in the payroll tax rate has the same effect as an increase in mandated 
premium payments, since in each case the cost of overtime is unchanged But for workers 
at lowir carmngs levels, payroll taxes increase the costs of regular time and ovemme m 
identical proportions, so that little if any incentive exists for employers to substitute 
overtime for new hires at lower wage levels 
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TABLE 3 


Increases in Smoht-Term [Jneuplovmknt Rates Resultino from Mandated 
Premiums in the Absence of Offsettino Subsidies to Emflovers 



Low 

Intermediate 

High 


Mandated Employer Coninbution 

Total premium 




Individual, family 

$200, $500 

$240, $600 $320, $1,000 

Mandated employer share 

50% 

65% 

75% 


Pcrcenlaire Point Increases 

m 



Unemployment Rate 


Industry 




A^cuUurc* 

0 9% 

1 5% 

3 2% 

Construction 

04 

0 7 

1 5 

Manufartunng 

02 

0 3 

09 

Transportation, commumcation 

03 

0 7 

1 7 

Wholesale, retail trade 

02 

04 

1 1 

Finance, insurance, real estate 

03 

04 

09 

Service 

06 

1 0 

2 1 

Other 

04 

0 7 

1 5 

Total 

0 3% 

0 6% 

1 4% 


* We have no estimate of employmeni-overttme substitution possibihiirs in agriculture, so we assume an 
average value from other industries 


In that case, the real pnce of labor services will be eroded over time at a 
rate which is the sum of the rate of inflation and the rate of increase in 
labor productivity For the high-coverage plan, the average increase in 
mandated premiums is 2 9 percent of wages, an amount that under this 
assumption would be recouped in 4-5 months of no nominal wage 
increases if inflation and productivity increase at a combined 8 percent 
annual rate The service and agncultural industries would require from 
6 months to a year for equilibration 

While the unemployment effect of mandated NHl is temporary, an 
accompanying change in the structure of demand for employees will have 
important longer-run consequences for some labor groups By requiring 
insurance coverage of part-time workers who are employed more than a 
specified number of hours per week or year, some NHl proposals would 
alter the relative costs of hiring part-time and full-time employees 
Under such bills, a shift toward increased use of full-time employees by 
cost-minimizing employers will result in some permanent increases in 
unemployment of part-time workers, including women and members of 
minority races, who constitute the largest fraction of the part-time labor 
force (In response to this change in demand for labor, some part-time 
workers may eventually shift to full-time status and thus reduce the 
disparity between effective wage rates for part- and full-time employees ) 
Ckinversely, if mandated NHl included only full-time workers, then the 
employment of part-time labor would become a cheaper method of 
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production for some Arms, and mandated insurance would have the 
reverse effects on employment and eventual mode of labor force participa¬ 
tion of those described 

Finally, in the case of workers at or near the minimum wage, there 
may be no possibility to shift the mandated premium increase back to 
the employee, particularly if the magnitude of other fringe beneAts is so 
small that they cannot be sufAciently reduced For such individuals, the 
increase in unemployment resulting from the mandated premiums would 
be permanent 


Subsidies to Employers 

The estimates reported above suggest that signiAcant transitory increases 
in unemployment would result from mandating at least the intermediate 
and high levels of coverage speciAed by several NHI proposals To 
mitigate this effect, several NHI bills provide for explicit subsidies to 
employers whose premium increases exceed a certain amount, typically 
3 or 4 percent of average wage payments 

We have calculated the unemployment effect generated by the NHI 
plans previously discussed at varying levels of subsidies Subsidies for 
increased premium payments in excess of 3 percent of Arms’ total wage 
payments have only a minimal effect in reducing the increase in 
unemployment for the low- and intermediate-cost plans and somewhat 
greater effectiveness for the high-cost plan In contrast, subsidizing all 
increased premiums in excess of 1 or 2 percent of Arms’ total wage 
payments will substantially reduce transitory unemployment However, 
the annual budget costs of such a policy arc as much as $16 billion for the 
high-covcragc plan ' * 

Subsidies extending over several years will be needed to avoid an 
increase in unemployment only if Arms arc unable to shift the cost of the 
new premiums to employees or if they arc able to do so only over many 
years However, historical trends in inAation and productivity suggest 
that the transitory unemployment effect would be more short-lived and 
that a more rapidly phased-out subsidy would be equally effective and 
substantially less costly 


IV. Tax Policy and Changes in Tax Revenue 

New Tax Expenditures from Mandated NHI 

Employer payments of health insurance premiums are excluded from 
corporate income, personal income, and social sccunty taxes. Unless 
the dcAnition of taxable income is changed, the increase in employer 
premiums resulting from a mandated NHI bill will cause a reduction in 


'* Detailed calculations are given in MitchcU and Phdpt (1975). 
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income tax revenues Thus, even though mandated insurance is an 
“off-budget” method of financing NHI, it will nevertheless have direct 
effects on federal revenues * * In this section we estimate the revenue 
losses, or “tax expenditures,” that would occur at various levels of 
mandated NHI under the assumption that definitions of taxable income 
remain unchanged In addition, we estimate the tax expenditures that 
result from the current level of employer premiums, revenue which 
would be available to the Treasury if employer premiums were declared 
taxable income 

To carry out the tax analysis, we have reclassified the observations in 
the sample survey to correspond to IRS personal income tax-paying 
units We assume that all married couples file joint returns, that unrelated 
mdividuals arc taxed separately, and that persons (other than the head 
of household or his or her spouse) with incomes greater than $600 are 
separate tax units 

To estimate the tax revenue forgone, we will again assume that, in the 
long run, employer premiums substitute for wages in total employee 
compensation and that the incidence of the existing payroll taxes is also 
fully on labor Therefore, the relevant tax rate for each family with 
employer-paid health insurance is the sum of the persona) income 
marginal tax rate and any applicable payroll taxes ** 


Results 

The “low-cost” mandated NHI package results m a reduction in federal 
tax revenues of $1 3 billion For the administration bill, the tax expendi¬ 
ture is estimated to be $2 4 billion (If the 75 percent mandated share 
were required in 1975, the estimate would rise to $3 0 billion ) For a 
plan with the largest mandated premium ($1,000 family coverage], the 
tax expenditure is estimated to be $5 9 billion ' ’’ 

These magnitudes of forgone tax revenues may be compared with the 
direct increase in federal spending projected for each of the illustrative 
plans Using the cost estimates projected for 1975 by the Department of 
Health, Education, and Welfare, we compare in table 4 the direct and 
indirect budget effects of three proposed mandated NHI plans Although 


‘ ’ We neglect the additional state and local income tax revenues that will also be 
forgone 

‘ ” We would like to thank Benjamin Okner of the Brookings Institution for providing 
tax rate calculations specifically for this study Methods used to estimate actual marginal 
tax rates used for the study and detailed tables of tax expenditures arc reported in 
MilcheU and Phelps (1975) 

'In her study of NHI proposals, Davis (1975) estimates substantially smaller changes 
in tax expenditures than those calculated here, the differences appear to denve from her 
assumption of a substantially lower cfirctivc tax rate 
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Changes in the Federai. Budget for Illuetrative 
NHI Plans ($ Billions) 


Plan 

Direct 

Expenditure* 

Tax 

Expenditure 

Total 

Expenditure 

Tax Expenditure 
at % of 

Direct Expenditure 

Fannin 

$5 4 

SI 3 

$6 7 

25'>„ 

Administration 

59 

24 

8 3 

41 

Ullman 

18 3 

59 

24 2 

32 


* U S Department of Health, Education, and Welfare (1974a) 


the details of the subsidies to low-mcomc families and other aspects of 
the programs differ, for each plan the additional tax expenditure is 
approximately 25-40 percent of the additional direct federal spicnding 
Thus, although mandated premiums arc often thought to have no impact 
upon the federal budget, in fact the tax revenue that is forgone is a 
substantial proportion of the anticipated new public expienditures 


Tax Expenditures Resulting from Existing Employer-paid Insurance 

The present employer premium payments themselves generate a sub¬ 
stantial amount of federal tax expenditure This indirect subsidy, initially 
justified as an incentive to encourage the purchase of insurance, creates a 
transfer payment that increases with the taxpayer’s income In table 5 
we show the current distribution of employer-paid premiums bv 1975 
income and the average subsidy per family unit ‘ * Actual einployer-jjaid 
premiums rise with income, in part due to the piositivc partial income 
elasticity of demand for health insurance, as well as the correlation of 
multiple wage earners with higher family income On average, families 
and single individuals with employer group insurance receive a tax 
subsidy of $122, equal to 32 percent of their employers’ premium pay¬ 
ments In aggregate, the tax expenditure in 1975 that results from 
excluding employer-paid health insurance premiums from the tax base 
IS estimated to be $5 5 billion, a figure higher even than the new tax 
expenditure resulting from most NHI projxisals ” 

Each observed 1970 premium has been increased by 60 percent Incomes arc in¬ 
creased by industry*speci6c growth rates, the average of which is 39 percent 

Similar calculations using 1970 premiums from the survey and 1970 marginal tax 
rates calculated from the IRS sample yield an estimated $2 4 billion in 1970 tax ex¬ 
penditures Frldstein and Allison (1972), using substantially the same lax incidence 
assumption, obtain an estimate of $1 63 billion for 1%9 As they note, their data ba?r 
requires them to assume that within each of 32 industncs all employees receive the average 
employer contribution, and this results in some downward bias m their estimate Our 1970 
estimate of $2 4 billion suggests that the Fcldstcin-Alhson procedure is indeed conservative 
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Health insurance premiums paid by individuals and deducted under 
the personal income tax also result in forgone tax revenue, estimated by 
Mitchell and Vogel (1975) at $0 6 billion in 1970. Projected at the same 
rate of increase as employer contributions, individual premiums would 
receive a total tax subsidy of $0 9 billion in 1975 When this is combined 
with the tax expenditure on employer prenuums, the total federal subsidy 
to existing health insurance in 1975 is estimated at $6 4 billion 

The mandating of NHI for all employees and their dependents would 
eliminate the need for the current price incentive, in the form of an 
indirect tax subsidy, to encourage the purchase of health insurance 
Redefining employer premium payments as taxable income and ehminat- 
ing the personal income tax deduction for health insurance would result 
in an increase in federal tax revenues of about $6 billion in addition to 
the amounts, as shown in table 4, that would otherwise be forgone 
because of the tax loss on additional mandated premiums 


V. Summary and Conclusions 

Requiring employers to provide health insurance policies of prescribed 
standards will have three pronounced cflects analyzed in this paper. 
First, employers will substantially increase their health insurance premium 
payments In 1975 employer premiums were $16 billion, propiosals before 
the Congress are estimated to increase these payments between $4 9 and 
$21 2 billion 

Second, these premium increases would, in the short run and in the 
absence of offsetting subsidies, decrease the number of picrsons employed 
For the proposals under consideration, the range of increase in the 
unemployment rate is between 0 4 and I 4 picrccntagc points, with 
significant variation by industry Services, wholesale and retail trade, 
and agriculture arc the sectors affected most If carefully designed, 
temporary subsidies to employers can offset these effects to a substantial 
degree 

Third, as the short-term unemployment effects of a mandated NHI 
plan dimmish, a long-run reduction in tax revenues will take effect as 
the newly required premium payments arc eventually reflected in lower 
taxable income lor employees Our estimates of the increased tax rexenucs 
that would be forgone in 1975 if mandated NHI were enacted range 
from $1 3 to $5 9 billion for representative proposals These lax expendi¬ 
tures are between 25 and 40 percent of the new direct federal outlays 

The incrcasr m rmploytr premiums and the rcduciion in oui-of-pockcl paymenu 
that would result from mandated insurance would somewhat reduce the personal income 
tax deductions for insurance preniiums and large medical expenses and somewhat oflWt 
the reduction in federal tax revenues However, the magnitude of the ofl^t ii small in 
relation (o the revenue cffrcis of increased employer premiums 
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for those NHI proposals Although an “off-budgel" financmg mechanism, 
mandated insurance nevertheless has significant budgetary effects 

The additional tax revenue not presently collected on existing employer 
group health insurance premiums and on personal income tax deduction 
of premiums amounted to about $6 4 billion in 1975 Combinmg this 
amount with new tax expienditures from a mandated NHI plan would 
result in total tax expenditures on health insurance premiums m 1975 
of $8-$12 billion, or about 4-6 percent of the federal revenues from 
personal income and payroll taxes in 1975 Elimination of these indirect 
subsidies, no longer needed to encourage the purchase of insurance under 
a mandatory program, could provide a substantial increase in federal 
revenues 


Appendix 

Estimation of Transitory Unemployment Effects 

To estimate peak transitory changes in unemployment resulting from mandated 
premium increases, we combine our estimates of ncwlv required premiums for 
each worker with estimates by Ehrenbcrg (1971) of the rate at which firms can 
substitute between overtime hours and the number of employees Anticipating 
stochastic fluctuations in both the demand for their products and absenteeism 
of their workers, firms employ labor at overtime rates m order to avoid more 
costly changes m their rates of production 

If firms were able to substitute, hour for hour, overtime work for regular time, 
with no reduction m labor productivity, the number of hours required to produce 
a given level of output would be constant In this case, a firm would have the 
subslitiilion possibilities described by a rectangular hyperbola, Nh = L (constant), 
shown in figure 1, where N is the number of employees, h is the hours of work 
per year per employee, and L is total hours However, to maintain a given level 
of output. It is likely that firms need to make some increase in total hours when 
replacing workers with additional overtime Ehrenberg assumes that this is the 
case and that firms maintam a constant level of labor services, so that the curve S 
depicung these substitution possibilities lies above the rectangular hyperbola 
The coefficients of Ehrenberg’s equations are estimated from a cross section of 
4,009 firms and measure the differences in the mean amount of overtime em¬ 
ployed by firms whose stocks of capital and production conditions have been 
adjusted to permanent differences m fixed labor costs However, because not all 
of these adjustments can take place at once, the short-run opportunity to substitute 
overtime for regular employees is more limited and follows the curve labeled S' 

The initial labor market equilibrium of a firm with fixed (fringe-benefit) costs 
F and an hourly wage rate w (with overtime wage rate 1 5w) is at the point Xq 
At this point, Nq workers are employed and each nonabsent employee works an 
average of Aq hours per week, where Hq is typically larger than A„ the standard 
number of hours per week at regular pay Newly mandated health insurance 
premiums cause an increase in fixed labor costs On the assumption that these 

^ ‘ Firms with significant variance in cither demand or absenteeism will tend to adjust 
overtime as rapidly m the short run as in the long run, with little difference between 
curves S and S' 
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Fio 1 —The ahort-run labor force adjustment of the firm when fringe benefits increase 


increased costs are permanent, Ehrenberg's equations predict that when sufficient 
time has passed for the firm to adjust other factors or production, the new 
equilibrium will be at A',, with a reduction in emplovnicm to and an increase 
in the number of hours per worker to A, However, in adjusting to the short-run 
increase in fixed labor costs created by newlv mandated premiums, cost-min¬ 
imizing firms will move along the short-run substitution curv'c S' to a point 
As a result, the firm will have somewhat higher employment Aj and shorter 
hours A 2 than predicted by Ehrenberg’s equations In the long run, we assume 
that firms, bv limiting increases in money wages and adjusting other fringe 
benefits, will reduce real wages to their initial level and return to a long-run 
equilibrium point on the S curve between Xq and A,, the precise mix of hours and 
employment depending on the extent to which cash wages, rather than other 
fringe benefits, are reduced 

To calculate the transitor) unemploj-ment effects reported in the text, we have 
made several approximations We first estimate the change m hours per employee 
as A, — ho, using Ehrenberg’s long-run adjustment coefficients Lising the value 
of Aj, we then calculate the change in the number of full-time employees on the 
assumption that total hours will remain constant, so that the estimated new level 
of employment is Aj (calculated from the Nh = L curve) Each of these steps 
introduces some upward bias in our estimate of the change in the number of 
employed workers, so that we calculate a new employment level of A’j rather 
than A 2 

Offsetting these factors, however, is a bias implicit in the assumption that 
output will remain unchanged in the short run During the period of increased 

** Ehrenberg makes an identical approximation to calculate the effect on employment 
of an increase in the overtime wage rate 
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labor c^ts, finrts are . «Juction in the 

family of out^ demanded. In other uutancea, firM will maintain pn^ but 
meet demand by drawing down invcntorie* These a^ustmwts will i^ult in m 
inward shift of the curves in figure 1, some reduction in the demand for labor 
services, and therefore a smaller level of employment than shown at iVj. 

To carry out these calculations, we employ Ehrenberg’s industry-specific 
estimate of the trade-off between overtime and employment, apply our estimated 
increase in health insurance benefits to this formula, and then divide the pre¬ 
dicted increase in overtime hours (OT) by average hours per year in the industry 
to obtain the change in unemployment (£/) Thus, where Ehrenberg has estimated 


we use 


„ <f (weekly fringe costs) 
d(OTj — pj - j , 

I 5 X hourly wage 


d(U) = fij 


(/(weekly fnnge costs) 

1 5 X hourly wage x hours per year ’ 


where is the estimated effect in industry This change in unemployment 
per worker is calculated for each full-time worker in the sample and aggregated 
to obtain the estimated percentage change in the unemployment level produced 
by each of the representative health insurance plans 
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The New Contractarians 


Scott Gordon 

Indutna Unwerstfy and Quten*s University 


One of my favorite passages in Adam Smith’s Wealth of Nations appears 
near the beginning of book 1, chapter 2 

This division of labor, from which so many advantages arc 
denved, is not originally the effect of any human wisdom, which 
forsees and intends that general opulence to which it gives 
occasion It is the necessary, though very slow and gradual, 
consequence of a certain propensity in human nature which 
has in view no such utility, the propensity to trade, barter, and 
exchange one thing for another 

[This propensity] is common to all men, and to be found 
in no other race ol animals, which seem to know neither this 
nor any other species of contracts 

When Adam Smith spieaks of "propensity,” the twentieth-century mind 
leaps to the interpretation that we are in the realm of behavioral or even 
instinct psychology, but this is intorrect, as is immediately made plain, 
what IS unique to Homo sapiens, and common to all members of that 
species, IS the making of contracts “Nobody [Smith goes on to note] ever 
saw a dog make a fair and deliberate exchange of one bone for another 
with another dog Nobody ever saw one animal by its gestures and 
natural cries signify to another, this is mine, that is yours, I am willing 
to give you this lor that ” Adam Smith was a true Cartesian, a philo¬ 
sophical mechanist up to a point The physical world consists of law- 
abiding particles and motions, and the organic world likewise, except 
for one small corner which is inhabited by that peculiar organism which 
thinks and values and writes books which alter the thought and values 
of others We are now celebrating the bicentenary of one of these great 
books, the Wealth of Nations, and while it is appropriate that we emphasize 
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fried to find the “laws,” Smith reflected Newton, but he aJ^ reflected 
Locke in his contractarian view of economic phenomena Locke was not 
the originator of the conception, but he gave it a formulation and an 
expression that was propitious, aided undoubtedly by the lact that he 
was on the “winning side” in a society racked by civil war, regicide, 
military dictatorship, reaction, and adamantine religious conflict 
Seventeenth-century contractarian theory was an effort to find a way 
across this sea of troubles, and when the winds subsided and Britain 


resumed and accelerated her progress to constitutional democracy, that 
theory was firmly established as the political sextant of a rationalist age 
The idealist and romantic philosophical movements of the nineteenth 
century banished contractarian theory to the back recesses of the political 
cupboard, but in economic theory it remained in use, with new models 
of improved design being constructed to serve the needs of social 
navigation 


We live again in a tunc of troubles, and the demonic winds arc on the 
rise Leslie Stephen once remarked that the writing of political philosophy 
IS a symptom of a recent or an impending revolution, so perhaps the 
exceptional amount of writing on this sutyect in recent years is of more 
than academic interest An important part of this literature is a revival of 
contractarian conceptions, which range all the way from banal un¬ 
elaborated statements such as “we must have a new social contract” to 
sophisticated ethical theories which attempt to establish anew the 
philosophical first principles of politics The object of this paper is to 
discuss three major works of this latter genre John Rawls, A Theory of 
Justice (1971), Robert Nozick, Anarchy, State, and Utopia (1974), and 
James M Buchanan, The Limits of Liberty (1975) One of these authors, 
Buchanan, is a professional economist, the other two, philosophers, but 
a significant feature of these three books is the large role that is played in 
all of them by modem economic theory This attests to the fact that it is 
in economics that the contractarian approach to social phenomena has 
been sustained and developed over the past two centuries 

Of the three, only Buchanan claims to be presenting a wholly "posiUve” 
theory of jxiiitics, but, like the others, he has normative conclusions and, 
unless one is content to commit the naturalistic fallacy, which Hume 
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long ago expoied, one must identify the ethical principle which Buchanan 
cmployt. All three authors arc alike in this respect They emply a pro¬ 
cedural principle of ethics: the good is that which emerges from the 
proper procedure. This makes the sharpest philosophical contrast 
between our three authors and the dominant ethic of the present day 
which, briefly sUted, is consequential that act or process is good which 
gives good consequences which arc independently demonstrated to be so 
Even if 1 could assume that ail readers of this papier have read Rawls, 
Nozick, and Buchanan, it would be naive to believe that all emerge with 
the same interpretation of them These books are complex, and one 
(Nozick) would have benefited greatly from the services of a good editor 
Consequently, a large part of this review must be devoted to the exegesis 
of texts This may be useful in itself, but my mam object is cnucism I 
will indicate what seem to me to be the chief weaknesses of each of these 
theories as I go along, in the concluding section I will make some brief 
critical comments on the general approach to piolitica! philosophy which 
they represent 


Rawls 

Since Its publication in 1971, d 7 tuory of Justice has been the object of very 
extensive discussion by philosophers, political scientists, economists, and 
others A full examination of the issues raised by Rawls, and by his 
critics and defenders, is beyond the scopic of this papier, I will confine 
myself to Rawls’s basic approach to political philosophy—his effort to 
revive contractananism 

First, a preliminary problem of interpretation as a reader of A Theory 
of Justice, I am not completely sure of its realm of discourse—whether 
It is a study in moral sociology, which seeks to account for those moral 
judgments which arc commonly held in our society, or whether it is an 
ethical theory, whose object is to provide a secure foundation for good 
moral judgments That is to say, it is not altogether clear whether Rawls 
IS engaged in a piosilivc or a normative investigation These are con¬ 
founded, both in Rawls’s own statements of his objective and in his appeal 
to common opinion as a suppiort for his conclusions, but the heart of the 
book is assuredly normative, and I will treat it as advancing a theory' of 
justice in this sense 

Rawls starts from the position that men arc self-interested, and their 
views of what is just are very likely to reflect considtraUons of pjcrsonal 
advantage How, then, can we ascertain what is truly just^ This can be 
done, m Rawls’s view, by discovering what principles men would hold 
under conditions abstracted from considerations of picrsonal advantage 
To determine these Rawls docs not try to bring to light the wnll of God, 
the content of a benevolent human conscience, the laws of history, or the 
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conditions for the gprcatcst good of the greatest number He attempts 
instead to deduce what prudent and rational men would hold if they were 
in a state of perfect equality concerning their personal advantages. The 
principles of justice are those which would be arrived at in a hypothetical 
“initial condition” characterized by a “veil of ignorance” which is 
drawn over these advantages In such a state men are still self-interested; 
each wants the principles of justice to serve his interest, but all are equal 
in being totally ignorant concerning their relative endowments of those 
qualities (such as intelligence, strength, beauty, political acumen, etc ) 
which determine degree of success in real societies 

The principles of justice which would be arrived at under such con¬ 
ditions, according to Rawls, arc not the result of compromise or con¬ 
sensus , this IS to say, they are not the output of a political process They 
are the purely logical consequences of the postulated initial conditions 
All men are identical behind the veil of ignorance, so the principles 
chosen by any one would be those chosen by all, thus they are unanimous, 
a feature which solves (or avoids) some difficult problems in ethical 
theory In the same way, since the principles arrived at are the logical 
consequence of perfect initial conditions, they can never be improved 
upon and are therefore set in perpetuity, which solves (or avoids) some 
additional diflicult problems in ethical theory 
Rawls often characterizes his theory as “justice as fairness” and speaks 
of the principles emerging from a “fair agreement or bargain,” but it is 
difficult to justify this characterization or his use of economic theory to 
amplify the thesis His initial conditions in fact reproduce the one state 
of affairs in which economic theory shows that no mutually advantageous 
bargaining is possible—where the parties are identical One could 
criticize Rawls along with Nozick and Buchanan as trying 10 reduce 
ethics to economics (which Frank Knight used to deplore), but, unlike 
the other two, Rawls reduces to the point where even economics dis¬ 
appears Moreover, it is more than mildly unsatisfactory, to me at least, 
to be presented with a package of principles that arc to be regarded as the 
last word on the subject of justice Even physics and mathematics eschew 
finality, and I see no reason why we should regard ethics as more analytic 
than they A primary criterion of any satisfactory approach to ethical 
theory, especially if it is to serve as the basis of politics, is that it be “open” 
(in Karl Popper’s sense)—that is, it ought to permit development and 
improvement If Rawls had demonstrated that unique definite principles 
of justice logically follow from the characteristics of the “initial con¬ 
ditions,” anyone who regards “openness” as a superior value would have 
to reject his heuristic altogether However, though he claims such a firm 
analytical status for his justice pnnciples, he does not present nor does he 
try to present any such rigorous derivation of them Any disciple of Rawls 
could describe his theory as “persuasive” but not as “compelling ” 



REVIEW ARTICLE 


577 

Rawls argues that any rational, self-interested individual, closeted 
behind the “veil of ignorance,” would arrive at two basic principles of 
justice which are to rule as fundamental points of reference for the 
operation of the social order The first principle maintains the right of all 
members of society to an equal degree of “basic liberty”, the second is the 
“difference principle,” which maintains that inequality of actual status 
IS permissible only to the degree that it improves the lot of the “least 
advantaged ’ members of society Rawls gives several formulations of 
these principles, designed to act as successive clarifications and am¬ 
plifications, but I must confess that as the book goes on I become less and 
less confident that I understand their meaning However, the main 
object of this review is to examine this approach to political philosophy 
rather than the specifics of Rawls’s theory, so I will not enter the debate 
on the adequacy of Rawls’s two principles or his claim that the first has 
an absolute priority over the second The approach is deficient because 
It does not logically generate Rawls’s principles, nor can it so generate 
any specific set of such principles Behind the veil of ignorance men arc 
identical in being ignorant of their personal endowments, but are they 
also identical in their political and moral preferences^ If not, then one 
can easily imagine a rational individual opting for a society in which there 
are a few big prizes which are randomly allocated, even at the expense of 
the least advantaged, or one can imagine him opting for a floor income 
rather than, or in addition to, Rawls’s difference pnnciple, or one can 
imagine him opting for a minimum degree of intergenerational or intra- 
life span social and/or economic mobility, and so on Rawls’s method 
generates his specific justice principles only if we are prepared to assume 
that all who arc closeted behind the veil of ignorance have identical views 
of what constitutes a just society, moreover, those mcws would have to be 
precisely Rawls’s justice principles themselves' It is this identity of 
philosophical preferences which controls the argument, not, as Rawls 
asserts, the assumptions of self-interest and rationahtv 

In short, Rawls’s theory either slacks the deck by using the conclusions 
of the argument as its premises, or it “solves” the problem of justice only 
by eliminating it - bv postulating a world in which there is no conflict, 
either of interests or of values This, 1 think, reflects a defect that is 
inherent in any theory which attempts to consiriu i a social contract that 
IS a collective decision What is the nature of this “decision”’’ If it is a 
vague “consensus,” if it is a specific decision rule which is less than 
unanimity, or if it is spiecific, unanimous, but impermanent, then most 
of the problems of justice remain unsolved If, however, the collective 
decision is to be specific, unanimous, and picrmancni, it is postulated upon 
conditions which simply assume away the problems which arc to be solved 
The theory eliminates what it set out to illuminate W'lttgenstein once 
claimed to have solved the problem of justice by showing that it was 
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(merely) a “verbal problem ” Rawls does so by analyzing a condition 
of no conflict I cannot see that the latter is any more of a “solution” than 
the former, even though one may freely grant that the linguistic analysis 
of Wittgenstein’s school and the soaal contract analysis of Rawls have 
contributed significantly to the modem discussion of piolitical philosophy 
Nozick and Buchanan cannot be accused of assuming away conflict. 
Their theories are, indeed, based upon conflict For them, the essential 
issue of political philosophy is not the derivation of principles of justice 
but the determination of the moral limits of state power in a world where 
conflict IS the basic condition of life 


Nozick 

Of the three books that are here under review, Nozick’s Anarchy, State, 
and Utopia makes the gjreatest demands upon the reader The basic 
argument is simple, but it is supported by philosophical analysis which is 
complex, tenacious, and profound One follows Nozick’s argument with 
great admiration for his skill, but it is like observing the work of an 
archaeologist ever so skillfully peeling away the layers of protective 
covering from an ancient artifact, which finally appears for a moment 
as a thmg of great beauty and then crumbles into dust from exposure to 
the light and air of man’s ordinary environment One is compelled to 
distinguish between the process and its product—the one superb, the 
other trivial My metaphor here is intended to be more than a literary 
conceit, for the heart of Nozick’s political theory is the proposition that 
the moral merit of any condition of affairs is determined by the process 
which led to it rather than by any quahties of that condition in itself 
Thus he rejects totally any “end-state principles” of political philosophy 
and advances instead a philosophy based on “historical pnnciples ” 

The “history” which constitutes Nozick’s theory is not, of course, the 
history of any real society (which creates great problems if one were to 
try to apply it in any such society), it is the hypothetical history of the 
classical contractarians of the seventeenth century Nozick starts his 
history into motion, as Hobbes and Locke did, from the “state of nature,” 
or pure anarchy In such a condition, man is an individualist in that he 
does not recognize the existence of any social entity which can make 
legpUmate claims upion his conduct But the individualism is not im¬ 
maculate, each person acknowledges that other picrsons have the same 
basic rights as himself Nozick’s anarchy, unlike Buchanan’s, is a moral 
condition The mutual recognition of rights in the state of nature is not 
sufficient to produce a peaceful society. The boundary between mine and 
thine being unclear, life would be characterized by endless conflict, real 
or imagined injustices, disputes, retaliations, feuds—in short, a war of 
each against all The unhappy residents of such a habitude do not, as 
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Locke envisaged, agree collectively to establish a social order Each tries 
to protect himself as best he can, but the virtues of division of labor apply 
to jjrotective activities as well as to others, so “firms” will be created, 
ofTenng protective services to those who become clients Disputes among 
the clients of a particular firm arc not eliminated, however, so firms will 
find it to be a condition of commercial success that they develop effective 
and acceptable procedures for the settlement of contending claims 

Up to this point no truly sigmficant advance over the state of nature 
has been made, there is peace among the clients of a particular protective 
agency, but there may be many agencies still m unremitting warfare 
against one another in any geographical area Is there any factor which 
will lead to the development of a monopolistic protective agency’ Arc 
there any reasons why such an agency, if it were to emerge, should supply 
Its services to all residents, leaving no one outside its orbit’ Nozick 
answers “yes” to both of these crucial questions Thus, a monopolistic 
and ubiquitous protective agency will come into existence—that is, a 
“state ” 

Nozick’s argument that a monopoly of protective services will emerge 
from voluntary contract is, in essence, based on the projxisition that there 
arc great economies of scale in such an industry A protective firm will 
not defend its clients against all actions of outsiders since some such actions 
may reflect just claims, but, even though the firm is morally constramed 
in this way, it must determine what is a just claim by an outsider in the 
same way that it must adjudicate the contending claims of its own clients 
Everyone has a moral right to perform this judicial function, but there are 
obvious practical neccssiUes which transfer this funcUon from the in¬ 
dividual to the protective agency If one assumes that such firms arc not 
identically successful m obtaining clients, the “dominant agency” has a 
strong market advantage merely by being dominant “The donrunant 
agency can offer its customers a guarantee that no other agency can 
match ‘Only those procedures we deem appropriate will be used on our 
customers’ ” (Nozick 1974, p 109) Thus, an agency having a monojxjly 
of protective services emerges from the mechanism of private and voluntary 
contracting This Nozick calls the “ultraminimal state ” 

What IS now the status of any persons who wish to remain independent 
and decline to become clients of the protective agency’ It would be 
morally improper for the agency to disregard their rights, so it is obligated 
to treat them the same as it does its contracting clients The agency must 
either supply its services to independents without charge, which would 
render the whole arrangement unstable on ai count of the “free-rider” 
problem, or it could alter its fiscal arrangements to create, in effect, a 
system of coercive taxation With the adopuon of taxation and the 
supplying of protective services to all, there comes into existence what 
Nozick calls the “minimal state ” Having shown that such a state will 
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emerge by legitimate steps from an anarchy in which all persons are free 
of obligation to any social institution, the remainder of Nozick’s analysis 
is an effort to prove that any development of coercive power beyond the 
minimal state is illegitimate, and, consequently, such state functions which 
occur in the real world are illicit and should be dismantled. 

The minimal state offers only one public good—protection, and its 
concomitant judicial services—and engages in redistribution of income 
only to the extent that is necessary to carry on such functions Nozick’s 
thesis IS that one cannot describe a process whereby any other funcUons 
may be legitimately added to the state, regardless of what might be their 
service to general well-being The heart of this argument is that such 
additional functions would involve redistribution, and this renders them 
illegitimate If a “public good’’ can be financed by voluntary subscrip¬ 
tion, there is no reason why private commerical arrangements cannot 
provide it What about a public good for which no mechanism of exclusion 
IS possible—for example, street cleaning? It is a good which may be 
desired by all members of the commumty, but it is crucially exposed to 
the free-rider problem Each pierson’s interest lies in disgmsing his desire 
for It and refusing any voluntary contribution, so it cannot be provided 
by private enterprise arrangements, and, if we follow Nozick, it would 
not be provided at all This conclusion is difficult to accept One feels, 
albeit intuitively, that a philosophy which condemns one on grounds of 
jusuce to live with filthy streets even though everyone would prefer some 
quanUty of street cleaning to other goods of equal cost is somehow wrong 
One might say that the free-nder problem arises out of an immoral act, 
that IS, disgmsing one’s true preferences, but if we were to conclude that 
the state (or another street-cleaning agency) was thereby entitled to 
coerce payment, the door would be opened wide to the growth of state 
functions far beyond the “minimal ’’ Quite apart from the free-rider 
problem, difficulties arise because the nature of street cleaning is such that 
the same amount must be provided to all commumty members If they 
value It differently, a uniform price would be redistributive, since no 
person can vary the quantity of it so as to keep the marginal rate of 
substitution between it and other goods equal to its relative price We 
should have to reqmre that each jjerson contnbute in proportion to the 
marginal rate of substitution of street cleanmg to him, as assessed by 
himself Nozick’s just society would either have dirty streets to a degree 
desired by no one, or it would have to be inhabited by men whose moral 
sense mcluded much more than a recognition of the nght of others to 
noninterference Like all utopianists, Nozick constructs an ideal society 
which can work only if it is inhabited by ideal persons 

Nouck does not discuss the public goods problem, which is a con¬ 
spicuous weakness of the book, but it is clear that the central ethical issue 
it raises for him is that of redistribution His argument that any state 
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functions beyond the “minimal” are illegitimate is based upon a con¬ 
demnation of redistribution (other than what might be required to rectify 
injustice—the door swings wide open again), so it is to this issue that we 
must direct our attention 

The ethical quality of an income distribution, in Nozick’s view, depends 
entirely on how that distribution came to be what it is If it arises from a 
morally legitimate process, it is morally just regardless of its degree of 
inequality or any other pattern characteristics it may possess On this 
ground he rejects Rawls's “difference principle” as an effort to use an 
“end-state" or pattern criterion as a moral rule of distributive justice He 
insists here, as in his theory of the minimal state, that the only vahd 
criterion of what is morally good is a “historical” criterion If we start 
from a sUte of justice and proceed from it, by legitimate steps only, then 
whatever emerges is also just If, in the initial state, people arc morally 
entitled to their holdings, then that entitlement is preserved intact when 
one moves from this initial state by legitimate steps The moral prop¬ 
osition that one has the right to do what one wills with one’s own, as 
long as one does not interfere with the similar nghts of others, is the 
ethical fundament of Nozick’s political philosophy For an individualist 
who takes the view (as I do) that social institutions are not primary 
entities and cannot be invested with rights, duties, etc (except met- 
aphoncally) this is an appealing proposition,' but it is empty without a 
theory of what legitimately constitutes “one’s own ” To fill this need, a 
theory of “entitlement,” that is, a theory of property rights, is required 
At this pxjint Nozick’s elegant structure crumbles 

So long as we confine ourselves to the issue of the transfer of property 
rights by free exchange, we arc in no great difficulty Nozick recognizes 
the contribution that economics has made to this aspect of ethical theory, 
but he also recognizes that what results from exchange is also dependent 
upon the imual distribution of holdings The theory of cnutlcment must 
provide us with a justification of some such initial distnbuUon (which 
justificauon, as Nozick recognizes, would also act as a proper principle of 
“rectification” in any case where this initial distribution is unjust) What, 
then, constitutes entitlement in the acquisition of propierty prior to 
voluntary exchange’ Nozick discusses this at length, but he does not 


' It M not, however, satisfactorv in ludf, because it recognizes only an obligauon to 
refrain from doing harm lo others Thai there may be poaiuve obhgauons as well is, 
however, difficult to deny The bamantan was called “good" because he assisted another 
in need and did not neutrally “pass by on the other side ” The biUical story serves to 
make the point that the content of the moral good is not exhausted by the absence of 
moral evil The recogniuon of positive moral obligations is, admittedly, fraught with 
great danger, through that small opemng much tyranny may he slipped, but this requires 
that we exercise vigilance and balanced judgment at this pomt in our social (and, indeed, 
personal) pohcies, rather than an effort, which in any cjmc is doomed to failure, to seal it 
off altogether 
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offer an answer to this critical question I do not mean to say that he 
offers an inadequate theory of entitlement, he does not offer a theory 
at all 

One can find in Anarchy^ State, and Utopia a series of suggestions as to 
what would constitute entitlement (some of which simply beg the issue, 
e g, that one is entitled to the marginal product of one’s labor and 
property'), but, just as in reading Rawls one turns over successive pages 
in expectation of the proof that his justice principles follow logically from 
his initial conditions, so one turns over Nozick’s pages in expectation of a 
theory of enutlement In both cases the expectation remains unfulfilled 
Nozick’s political philosophy is structured to rest upon a single pillar, 
which IS missing One hesitates to come to this conclusion about a book 
of such profound intellectual power which claims so much, but Nozick 
himself removes misgivings on this point 

The general outlines of the theory of justice in holdings are that 
the holdings of a person are just if he is entitled to them by the 
principles of justice in acquisition and transfer, or by the 
principle of rectification of injustice (as specified by the first two 
principles) If each person’s holdings are just, then the total set 
(distribution) of holdings is just To turn these general outlines 
into a specific theory we would have to specify the details of each 
of the three principles of justice in holdings the principle of 
acquisition of holdings, the principle of transfer ol holdings, and 
the principle of rectification of violations of the first two 
principles I shall not attempt that task here [Nozitk 1974, p 153, 
Italics mine] 

The final word of this passage seems to promise a further work which will 
provide the missing element of Nozick’s jxilitical philosophy One would 
think that such an clement, so fundamental to the argument, should be 
forged before committing oneself to the rest of the structure But that is 
perhaps a carping criticism, more important is whether it is piossible to 
construct a satisfactory theory of property rights based on the concept of 
entitlement I do not think so, not because the idea of “entitlement” is 
utterly worthless as an ethical guide, but because it cannot serve, as Nozick 
would have it do, as the sole ethical guide Even if Nozick should be able 
in a future work to provide a theory of entitlement which advances on 
Locke’s, It would only be one of the pillars of justice and must share the 
burden of carrying the house of polity with other great ethical principles, 
such as “utility,” “freedom,” “equality,” and Rawls’s “fairness ” The 
architect of a good polity makes a fatal error if he seeks to build in soaring 
cantilever on a single shaft If we are prepared to learn from history (as 
well as from philosophy), it seems evident that the best political houses 
are rambling structures, built modestly low, on numerous footings, with 
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not much reference to any master plan, they arc not elegant at all (unless 
one s tastes arc wildly eclectic) but variform, even motley, and, above all, 
easy to alter and repair 

Buchanan 

The Limits of Liberty is concerned mainly with two topics One is an 
attempt to construct a new contractarian theory of the state, and the 
other deals with the issue of whether there arc forces which tend to make a 
state grow beyond its legitimate limits The latter is a matter of great 
practical importance and is of no small significance from the standpoint 
of political philosophy, but I will confine this discussion to Buchanan’s 
effort to describe the state as based upon a “constitutional contract ” 

Like Nozick, Buchanan begins with an analysis of the condition of 
anarchy He does not arrive at an absolute doctrine of the minimal state 
as Nozick does, and indeed he rejects as “moral arrogance” any effort to 
describe the characteristics of a good society, but his basic approach to 
the ethical issues of political philosophy is the same as Nozick’s He makes 
the same distinction between what Nozick calls “end-state” and “his¬ 
torical” principles, rejecting the first and embracing the second “My 
natural proclivity as an economist is to place ultimate value on process 
or procedure, and by implication to define as ‘good’ that which emerges 
from agreement among free men, independently of intrinsic evaluation of 
the outcome itself” (p 167) The process or procedure on which “ultimate 
value” is placed is that which starts from a state of unconstrained freedom 
In his ofiening discussion Buchanan asserts that he does not adopt freedom 
as a “metaphysically superior value” (as Nozick docs) but recognizes it 
“much more simply as a necessary consequence of an individualist- 
democratic methodology” (p 2) This may help to explain why Buchanan 
describes his approach to political philosophy as the “natural proclivity 
[of] an economist,” but without, 1 hope, shedding my own credentials, I 
have to confess that I find this confusing The issue that opens at this point 
IS the relationship between scientific methodology and moral values 1 
cannot enter this great debate here, but it seems to me that Buchanan is 
striving to commit what G E Moore called the “naturalistic fallacy” de¬ 
riving moral principles without the aid of any moral premise As one of the 
pioneers of the modern piositive analysis of the political processes of col¬ 
lective decision making, Buchanan attempts in this book to carry over the 
same approaches to fundamental political philosophy The attempt 
cannot succeed In a positive analysis of political processes one’s as¬ 
sumptions may be confined to the behavioral, and the test of the theory is 
ulumately empirical, that is, its explanatory and predictive power, but, 
try as one will, that troublesome word “ought” cannot be excised from 
political philosophy and no degree of sophisticated “is” can take its place 
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Buchanan’s anarchy is more individualistic than Nozick’s in that the 
actions of men are not considered to be bounded by any recognition of 
the rights of others. In such a state, men will be engaged in predatory 
action upon one another without moral constraint Robbery is a vehicle 
of acquisition, no different from producuon from the individual point of 
view, and will be carried to the point where Us marginal cost equals its 
marginal yield In such a world, protection against predation is also 
economic and will similarly be engaged in by each individual up to the 
pioint where its marginal cost is equal to its marginal yield It is a Hobbes- 
lan anarchy wherein “he shall take who has the power and he shall keep 
who can ” Utilizing the analysis of the late Winston Bush, to whom the 
book IS dedicated, Buchanan arrives at the conclusion that this state of 
anarchy will generate an equilibrium, defined by the trim of the a.p- 
propnate marginals, and the distribution of property which emerges is 
called the “natural distnbution ’’ Since the distribution of those personal 
endowments which arc useful in predation and protection activity need 
not correspond to the distribution of those useful in production activity, 
there is no reason why the “natural distribution” of property should not 
depart markedly from that which would prevail if each person kept 
what he produced I'he error of much political philosophy in Buchanan’s 
view lies in starting from the distribution that would prevail with no 
predation or protection instead of the “natural distribution ” The latter 
IS Buchanan’s archimedean point upon which he rests his conception of a 
“constitutional contract” establishing a political state 

In the anarchistic equilibrium considerable quantities of resources are 
being devoted to predation and protection There is, therefore, opportunity 
to move to a higher Pareto optimum If the natural distnbuuon could be 
set by binding agreement, a large part of the predation and protection 
costs could be saved and devoted to production activity (Presumably 
there would also be gains due to the reduction of uncertainty, but 
Buchanan does not make this pioint ) This argument, which arises purely 
out of self-interest without any input of moral consideration, is the 
“consUtutional contract ” Once it is established, with the appropriate 
instruments of enforcement, people can go about the business of private 
production and exchange in an environment of law and order 

Before going any further, let me say that I find the Bush-Buchanan 
scenario of anarchistic equihbnum unconvincing Since there are such 
large gains to be made from reducing predation-protection activity, 
would It not be profitable for a small coalition of persons, endowed with 
exceptional organizational skills, to make a once-and-for-all investment 
in predation with the object of permanently enslaving all others? Once 
done, a “state” is established, law tmd order reigns, and one moves to a 
higher optimum—for the rulers at least As a description of a man’s 
actual history this seems more accurate than Buchanan’s constitutional 
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contract. Buchanan recognizes this possibility, but he muddies the central 
issue by taking the view that, under certain conditions, slavery for some 
would be their best option and would therefore be a rational voluntary 
contract on their part* A notable feature of Buchanan’s and Nozick’s 
theories is that both are prepared to recognize the legitimacy of slavery 
when “voluntarily” entered into Thus one finds the defenders of freedom 
defending the most complete form of coercion This remarkable result 
would delight a Hegelian, but even if one does not accept the proposition 
that ideas contain their opfjosites, there is ample evidence that any 
idea, when extended and extended, tends to become its opposite Realism 
becomes idealism, rationalism becomes existentialism, the pohtical “left” 
finds itself on top of the political “right,” democracy becomes tyranny, 
and freedom becomes slavery Long ago, Plato used the paradox of 
freedom (Cannot free men choose to be governed by a tyrant^) to attack 
the Athenian democracy, but liberty may suffer as much from its friends 
as Its enemies when political philosophy is driven by “inexorable logic ” 
Political space is curved, and political principles, when extended, turn 
round upon themselves Even good principles must be tempered by 
moderation, lest one find oneself going round the circle and defending 
what one abhors 

Buchanan recognizes that, even if one were prepared to view the con¬ 
stitutional contract as a real historical event, it is not clear that it will 
continue to be binding on future generations Each person is born into a 
world already made, with its political institutions already in place Why 
should he accept the established order^ Again, Buchanan’s reasoning 
eschews any moral considerations of duty or obligation Each person will 
accept the established order if and only if he (believes that he) cannot do 
better by “renegotiation ” Everyone has the option to make a “detour 
through anarchy” in which a new natural distribution of projjcrty would 
emerge, and from this new equilibrium, a new constitutional contract 
One will opt for the “detour” if one’s expectauon of gain is sufficient to 
warrant the costs If a large number of people expect to receive a net 
benefit from renegotiation, those who arc currently favored m the dis¬ 
tribution of wealth and power may respiond bv repression, but it is likely 
to prove more practical and prudent for them to permit a redistribution 
Thus a way is open for changes in the constitutional contract 

In the light of this argument it is difficult to see why Buchanan views 
the disorders of the 1960s as negatively as he docs It is clear from the 
Limits ojLiberty that he regards these events as wholly bad, representing a 
serious decline in respect for legitimate practices and a serious dissipation 
of that greatest of all “public capital goods,” the law But, if one follows 
his thesis, one could easily interpret these disorders as evidence that 
renegotiation expectations had departed markedly from the status-quo 
distribution, that numerous people were opting for a detour through 
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anarchy—a perfectly legitimate demand for a revision of the constitutional 
contract Similarly, one could interpret the accommodating responses of 
those favored by the status quo as the rational actions of prudent men, 
instead of deploring them as Buchanan does 

Locke’s political theory was a great improvement on Hobbes’s because 
of his recognition that a constitutional order cannot be set for all time, 
even if there ever was such a thing as a primordial “state of nature ’’ It 
must be subject to revision, accommodating to changes in material con¬ 
ditions and to changes in ideas Buchanan docs well to follow Locke 
rather than Hobbes in his view of the nature of the constitutional contract, 
but his theory gives us no guide on the vital issues of when and how and 
what to change in it Economic theory as a positive analysis of voluntary 
exchange is a powerful scientific instrument, and we live at a captivating 
time in its history, when its techniques and approaches are being extended 
to deal with a wider range of social issues than ever before Buchanan is 
one of the great pioneers of this extension, but there arc limits even to 
what economic theory can do 


General Comments 

In the foregoing sections I have made some comments on what seem to 
me to be the chief weaknesses of each of the three books under review 
There remains the broader issue of the general approach to political 
philosophy which they exemplify A full analysis of the weaknesses of 
contractarian theory would be a large and complex undertaking, and it 
would, at bottom, have to amount to the presentation of an alternative, 
more satisfactory, approach to political philosophy That cannot be done 
here even if I were equal to the task, which I doubt But, as Nozick 
remarks in defense of his own incompleteness, “There is room for words 
on subjects other than last words” (p xii), so I will end this essay with 
some very brief remarks on the contractarian approach to political 
philosophy and the procedural theory ofjustice which is associated with it 
Adam Smith was perceptive in pointing out that the distinctive 
characteristic of man as social animal is that he makes contracts, but the 
most important feature of that word is the final letter, which makes it 
plural There is a world of difference between the conception of society as 
consistmg of contracts and the conception of it as based upon a contract 
The latter could be justified as a heuristic fiction if it led one to a more 
acute perception of the nature of society, but it does not Contracting (and 
recontracting) are not the discrete and comprehensive acts envisaged by 
Hobbes and Locke or by Rawls and Buchanan This activity is con¬ 
tinuous and unending, and its substance consists of small things such as 
the agreement to transfer the ownership of a shirt or the use of a day’s 
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later, not big things like the csublishment of a political sute or the 
principles of justice. Without a doubt, the social and economic order 
emerges from such contracts just as. say. the pnce vectors of goods and 
services emerge from the many individual acts of buying and selling One 
can speak of the participants in a competitive market “agreeing” upon 
the equilibrium price, but that is a metaphorical locution—completely 
false if taken to be descriptive, and misleading if one attempts to base the 
philosophy of politics upon it 

There may be some merit in Rawls’s use of the contract conception as 
a device for throwing light on the problem of justice construed as “fair¬ 
ness If one IS to have a fair game it seems desirable that the rules be 
determined before one begins, not changed ad hoc (and certainly not 
unilaterally) while it is in process Similarly, if social life is to be fair it 
seems desirable that the rules which provide constraints upon action should 
be general and disinterested, “objective” in the sense of not being designed 
simply to legitimize the personal advantages of particular participants 
So far so good, but the conception of contract does not really help much 
in determining “fairness ” Social life is a continuous game with new 
participants constantly entering and old ones leaving the field There is 
no alternative to changing the rules in the middle of the game, in fact, 
one of the objectives of the game is to change the rules as we learn more 
about how the game works and develop our sense of what we want it to 
achieve We might even go so far as to impose “handicaps” on some of the 
players (surely a nonobjective thing to do) in order to make it a better 
game 

Being a continuous process, social life at any point in time contains its 
history within it, including the effects of the “unfair” or immoral acts 
that have taken place in the past If one adopts Nozick’s view that a 
current state is just if it reflects “entitlement,” then one must also accept 
Nozick’s principle of “rectification ” To make our society just we would 
have to alter ail those features of it that reflect past injustices and immoral 
acts To perform such rectification is a pracucal impossibility, and, 
moreover, it would only mean the piling of new injustices upon the old 
To make a society more just means to alter its future, not to reconsutute 
Its past, to do this we have to consider what we want it4o become, not 
what It was in a never-never land of the state of nature 

There is no escape from the necessity of using some “end-state” entena 
of the social good, even though there can be no final or perfect end state 
to guide us Buchanan strives to avoid this by conceiving his “con¬ 
stitutional contract” as being subject to “renegotiation,” but it is not a 
renegouation on the basis of moral principles The favored members of 
society will renegotiate only when they are threatened, and implicitly he 
argues (if indeed his book is about poliucal philosophy at all) that they 
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ought to renegotiate only under such threat. This is guerrilla politics and 
hostage politics given a moral gloss. Man is, fortunately, more civilized 
than that, at least in some areas of the world. 

The contract theory of the state distorts more than it clarifies because 
It mistakes the essenual problem of pohtics, which is to deal with the 
continuous, the complex, and the insoluble. The contractarian 1 $ a great 
simplifier who searches for discrete and final answers He finds piolitics 
vexatious and wishes to do away with it, like Dostoyevsky’s Grand 
Inquisitor who sought to protect men from the terrible burden of moral 
choice But a civilized polity is not built upon a contract There never 
was a contract, there is no contract, and there cannot be a contract at 
the base of social life Its only constant is change As the Hindu says, one 
cannot bathe twice in the same river, one can do so only in a stagnant 
pool 

The procedural approach to the problem of justice has many practical 
attractions, and large parts of our social life, including the judicial system, 
are in fact based upon it to a considerable degree But as a general 
philosophy of justice it has severe weaknesses, primarily because it is 
difficult (perhaps impossible) to formulate a procedural theory of justice 
that does not beg the main issue If one were to say, “Those consequences 
are just which result from a procedure,’’ it would be evident there is 
something essential missing The final noun in this statement requires a 
qualifier No one would try to argue that any procedure will serve, for 
that would empty the statement of discnminaUng capacity One could 
adopt a formal or legahsuc qualifier, saying for example, “Those con¬ 
sequences are just which result from an established procedure ’’ Charles I 
argued at his trial that Parliament had no right to judge his conduct 
because to so judge a monarch was not established procedure, the 
Nuremberg defendants argued that the acts for which they were charged 
had all been in accordance with the established law of the Third Reich 
Obviously something is amiss here too The qualifier must have moral 
content The statement must read something like, “Those consequences 
arejust which result from a fair procedure,” or in place of “fair” we might 
have “good” or some other term with moral content But I cannot see 
that we are much advanced by couching the theory of justice in pro¬ 
cedural terms, since we must then unpack (as the philosophers say) the 
concepts of “fair” or “good”, this is no easier to do than to unpack the 
concept of “justice” itself One might as well say, “Those consequences 
are just which result from a just procedure,” and in exploring that I would 
rather examine what makes a consequence just rather than what makes 
a procedure just In short, I would hold that justice is a matter, to 
use Nozick’s terms, of applying “end-state” rather than “historical” 
criteria 
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The procedural theory ofjustice is part of a contractanan approach to 
{Xilitical philosophy because it focuses the issue upon prior agreement 
(In Rawls’s initial condition there is agreement to establish principles of 
justice which then control subsequent piolicy, in Nozick’s anarchy an 
agreement emerges establishing a “minimal state” which then controls 
subsequent policy, in Buchanan’s anarchy an agreement emerges to fix 
the “natural distribution” in a “constitutional contract” which then 
controls subsequent piolicy ) There is an element of merit in the contract¬ 
arian or procedural approach to justice and politics since there are clear 
dangers in deciding issues arbitrarily and ad hoc Charles I had a jKiint 
I reject the procedural approach to political philosophy, but I would 
accept a philosophy which views politics as a procedure Let me try to 
explain this rather cryptic statement 

The great illusion which pervades the history of political philosophy 
IS the belief that one can find the first principles of social justice and, 
having done so, establish finally ujxin them the structure of a just fjolity 
The illusion lies in seeking solutions to insoluble problems The principle 
of justice cannot be found, for there is more than one basic print iple that 
appeals to moral sense and for which good argument can be made (Gordon 
1963) We live in a morally messy world But it is the one we are stuck with 
(The idea that we might make contact with the inhabitants of another 
planet whose moral sense is more “highly developed” than ours is merely 
a form of the great illusion ) Social decisions must be made despite the 
fact that the basic social problems are inherently insoluble The simplest 
process is to let Gharics 1 (or his equivalent; make them, but w-c all know 
what IS wrong with that In a civilized society, where all have sovcicign 
qualities and none are “subjects,” we have to have procedures for making 
social decisions which arc opien to the play of multiform interests and 
preferences and multiform senses of what is just They have to be tentative 
and experimental, capable of being altered as we Icam from our mistakes 
Someone once described politics as the art of the possible, it would be 
more correct to call it the art of impossible, the art ol making social 
decisions when there are no decision rules The task of jxilitics is that of 
making “second best” decisions, and it is exposed to the same grave 
difficulty that Lipscy and Lancaster found m welfare economics But I 
have no faith in any effort to meet that problem by creating perfection 
at a stroke The process of making social decisions tan be immensely 
improved by philosophical and social analysis, theoretical and empirical, 
but It can never be made jjcrfcct or reduced to formula In the realm of 
politics one must revise Nozick’s aphorism there is room for all words 
except last words I have no doubt that Rawls, Nozick, and Buchanan 
would all agree to that, for their books arc m the highest tradition of 
open and continuing debate 
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Communications 


Th© Effect of Unemployment Compensation 
on a Seasonal Industry: Agriculture 

Barry R Chiswick 
Council of Economic Adinsm 


I. Introduction 

Seasonal industries have always posed a special problem for the unemploy¬ 
ment compensation program (O’Connor 1962, American Enterprise 
Institute 1974) ‘ Since some off-season unemployment is anticipated on a 
regular basis, the involuntary nature of unemployment dunng the off¬ 
season IS questionable In addition, there is particular concern for the 
effects of unemployment compensation on the work effort (employment) 
of those in seasonal industries Unemployment compensation benefits 
based on wage rates during the on-scason may well approach or exceed 
the worker’s productivity or wage during the off-season in that job or 
elsewhere, thereby discouraging off-season work This incentive would 
be particularly strong for workers in low-wage industries such as agn- 
culture since, on the average, unemployment benefits appear to replace 
a greater propiortion of their after-tax earnings It has been estimated, for 
example, that unemployment benefits replace about 70 piercent of lost 
after-tax earnings for male family heads below 150 percent of the poverty 


1 appreciate the commcnls received from Clarnicl Ullman Chiswick, Stanley Horowitz, 
Dave O’Neill, and C Edward Schuh as well as Robert Schanzmeycr’s research assistance 
The views expressed in this paper are solely my own and are not to be attributed to the 
CEA The lime senes ends at September 1975, the latest monlhlv data available when the 
revision was submitted to this Journal 

‘ For a detailed pn'senlation of the current features of the state unemployment com* 
pensation programs, sec U S Department of Labor (1972) and the senuannuaf com¬ 
parison revisions For a summary, see U S Department of Labor (1975^ All references 
in this paper to the current state programs come from these sources 

{Jottrnat of Ecimtm\y 1^76 vol 84 no i) 

<C 1976 by The Uniwriily of C All right* r«rr\r<t 
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line, but the after-tax replacement ratio for those above this level may 
be only about 40 percent (Council of Economic Advisers 1975, pp. 
121-23) ^ Yet there has been no systemauc empirical analysis of the 
effect of unemployment compensation on unemployment and employment 
m seasonal industries in general or agriculture in particular 

This paper explores the effect on the industry unemployment rate 
and level of employment of the introduction in January 1975 of a 
nonexperiencc-rated unemployment compensation program that covers 
agricultural wage and salary employment ^ The program is described 
(Section II) and the hypothesized effects are developed (Section III) 
Regression equations are estimated (Section IV) to permit the prediction 
of what would have been the monthly unemployment rate and level of 
employment of agricultural wage and salary workers in the absence of 
the introduction of unemployment compensation The predicted and 
observed values are compared (Section V) to test the hypotheses A 
concluding section then follows 


II. Special Unemployment Assistance 

The agricultural sector was excluded from coverage in the original 
federal unemployment compensation legislation and subsequent amend¬ 
ments, and prior to January 1975 only Hawaii and Minnesota covered 
some agricultural wage and salary workers under their state programs 
The Emergency Jobs and Unemployment Assistance Act, signed into law 
on December 31, 1974, created a temporary program called Special 
Unemployment Assistance (SUA) * The program was to provide benefits 
for unemployed wage and salary workers who arc ineligible under the 
regular state or federal unemployment compensation programs because 
part or all of their employment was in an industry not covered by any 
of these programs, but who are otherwise eligible for benefits 

The eligibility provisions and weekly benefits for SUA are the same 
as those that apply for the regular program in the applicant’s state ’ 
Thus, in principle, the worker must have accumulated a minimum 

^ Unemployment benefits generally replace about one-half of pretax earmngs up to a 
ceiling, which vaned among the states from about $66 to $117 per week in 1974 The 
benefits are exempt from federal payroll and income taxation and generally also from 
state income taxation 

’ The Bureau of Labor StaUstics reports data on “farm workers” as well as “agricultural 
wage and salary workers ” The former, but not the latter, includes self-employed farmers 
and unpaid family workers This paper focuses exclusively on hired farm workers since 
the self-employed and unpaid family workers are not eligible for unemployment 
compensation 

* In the June 1975 amendments, the deadline for filing claims was extended from 
December 1975 to March 1977, and the maximum duration of benefits was raised from 
26 to 39 weeks for 1 5 weeks of benefiu for each week of eligibility under the basic 26-week 
program 

’ The one exception is that the work-expenence reqmrement is somewhat weaker 
under SUA than under many of the regular state programs 
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amount of work experience; the precipitating cause of the unetnplo> ment 
must be involunUry, or else the claimant must show “good cause” for 
leaving the employer, and the claimant must be available for, be actively 
searching for, and accept employment “comparable” to the previous job 
Although SUA IS administered by the states, it is fully federally funded 
and there is no experience rating of employers 


in. Hypothesized Effects of SUA 

A noncxperience-rated unemployment compensation program for farm 
wage and salary workers which is funded out of general federal revenues 
IS an unambiguous subsidy of periods of unemployment for hired farm 
workers For the same farm wage rate, more workers will supply them¬ 
selves to the agricultural sector since the off-season weekly “wage” is 
increased The increase in labor supply in the on-season reduces agri¬ 
cultural wage rates and thereby increases farm employment and output 
during the on-season 

During the off-season, however, farm employment and production 
decrease as the difference between the value of the marginal product 
of hired farm workers and the value of their next best nonfarm activity 
decreases It decreases because a new activity which expands the oppor¬ 
tunity set—accepting unemployment compensation—has appeared 
Indeed, during the off-season the weekly unemployment benefit may 
approximate or exceed the weekly wage, net of taxes and work-related 
expenses 

The difference between the on-season and off-season shifts in farm 
employment arises from the optimal timing of work in the vear Since, 
by definition, marginal products are lower and employment opportunities 
are fewer during the off-season, and since some employment is needed to 
qualify for future benefits, it is efficient for both the farm owners and the 
hired farm workers if the latter take the unemployment benefits during 
the off-season * 

Thus, the seasonality of farm employment of wage and salary workers 
increases Employment during the off-season decreases, the length of the 
off-season is widened, and employment increases in the on-scason The 
effect on the average monthly level of employment over the year is 
ambiguous 

The seasonality in unemployment also increases Those experienced 
workers previously unemployed during the off-season have no reason to 
alter their labor-force status However, farm workers who would otherwise 
be employed dunng the off-season either full time or piart tune on 
low-wage (marginal product) farm jobs, low-wage tempiorary nonfarm 
jobs, or jobs far from their residence have a reduced incentive to accept 

‘ For a mathematical demonstration, see Feldstcm (1976) 
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such intenm employment The greater annual farm earnings also reduce 
the incentive to accept long-term nonfarm employment dunng one’s 
off-season unemployment In addition, workers who would otherwise 
drop out of the labor force because of an inability to find employment 
(discouraged workers) or because of fanruly responsibilities, retirement, 
etc will have an incentive to report themselves as unemployed and collect 
benefits, particularly during periods of seasonal unemployment All of 
these incentives are esjjecially strong for the agricultural sector, since the 
extent to which unemployment benefits replace lost wages is greater for 
low-wage than for high-wage workers 

The incentives for increased imemployment dunng the on-season exist 
but are much weaker than for the off-season Benefits for the next 
off-season are contingent on working during the intervening on-season 
Hence the marginal revenue to the worker from a week of work in the 
on-season includes the value of the credit for greater weekly benefits and a 
longer duration of benefits in the next off-season This encourages 
employment in the on-season However, workers assured of employment 
elsewhere in the next off-season, or anticipating death, retirement, or 
otherwise withdrawing from the labor force dunng the on-season, 
regardless of the now stronger work incentives, may attempt to collect 
unemployment benefits dunng the on-season It should be noted, however, 
that It IS more difficult to defend the unavailability of comparable work 
in the farm sector in the on-season The direction of the net effect of the 
introduction of SUA for on-season unemployment is ambiguous, and its 
magnitude is likely to be small 

The prediction for unemployment can be expressed in more familiar 
terminology—the unemployment rate Dunng the off-season the effect 
of the unemployment compensation program is to decrease employment, 
increase unemployment, and increase the agncullural wage and salary 
worker labor force These result in an unambiguous increase in the 
off-season unemployment rate During the on-scason, however, there 
are offsetting forces on unemployment, with the sign of the net effect 
being unclear In addition, employment and the labor force increase 
Thus, even if unemployment increases in the on-season, the impact on 
the unemployment rate is ambiguous The unemployment rate is more 
likely to decrease the larger the expansion of on-scason employment in 
response to SUA 

Thus, the hypothesized effects of the introduction of an unemployment 
compensation program funded out of general revenues on the agricultural 
wage and salary worker unemployment rate and level of employment 
can be summarized as in table 1 ^ The off-season months for the 

’ The hypothesized effects on seasonality would be intensified by the response of unpaid 
family workers Since SUA is not experience rated, farm owners have an incentive to 
reclassify unpaid family workers as wage and salary workers and pay the appropnate 
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TABLE 1 

HvroTHuizED Eftecti of SUA on the Aoeicultwial Waoe and 
Salary Labor Force 



Unen^loymcnt 

Rate 

(Seas Adj ) 

Level of 
Employment 
(Seas Adj ) 

Labor 

Force 

(Seas Adj ) 

Off-season 

On-season 

Annual (monthly average) 

Increase 

Ambiguous 

Increase 

Decrease 

Increase 

Ambiguous 

Increase 

Increase 

Increase 


TABLE 2 


Seaional Factorj for the Uheuplovment Rate and Level of 
Employment for Agricultural Waoe and Salary Worker* 


Unemployment rate* 
Employment 

Jan 

Feb 

March 

April 

May 

June 

1484 

80 3 

138 8 
84 7 

1104 

88 7 

89 9 
967 

66 7 
101 6 

800 
122 5 

Unemployment ratc^ 
Employment 

July 

Aug 

Sept 

Oct 

Nov 

Dec 

80 5 
126 6 

85 7 
117 1 

97 0 
lOI 8 

84 8 
102 5 

126 4 

93 3 

121 5 

84 3 


SouacB —Bureau of Labor Statisiict 

• Implicit factor derived from dividing the unadjusted rate by the seasonally adjusted rale, 1974 


unemployment rate and level of employment of agncultural wage and 
salary workers arc November through April and the on-scason months 
are May through October, with the exception that September appears 
to be an off-season month for the unemployment rate Seasonal factors 
for the employment status of agricultural wage and salary workers arc 
shown in table 2 


IV. Prediction Elquations 

The hypotheses are tested by compianng the observed seasonally adjusted 
unemployment rale and level of employment with values that we predict 
would have existed in the absence of the introduction of SUA in January 
1975 The prediction equations are developed and estimated in this 
section The data on unemployment and employment used in this study 
arc from the Current Population Survey (CPS) and refer to one’s status 
in the reference week, the week containing the twelfth of the month 


iocirI iccunty taxn to venfy employment so as to collect benefit* in the off-sesuon This 
rechuufication would increase the measured on-season employment of wage and salary 
workers but not of all farm-labor inputs and increase measured unemployment m die 
off-season However, because a reported earnings history is required for the receipt of 
benefits, unemployment increases from this factor arc not likely to be important m the 
off-season months just following the enactment of SUA 
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A. Unemployment Rate 

The prediction equation for the unemployment rate (URAG) uses 
seasonally adjusted quarterly data (average value for the 3 months) from 
1948-1 to 1974-III.* Quarterly data were used to reduce some of the 
noise that appears in the monthly CPS statistics 

Agricultural wage and salary workers are predominantly male and 
disproportionately young * Seasonally adjusted unemployment in the 
agricultural sector would then be related to the stage of the nonfarm 
business cycle or the tightness m nonfarm labor markets for men with 
similar levels of skills It is for this reason that the two basic variables in 
the prediction equation are the seasonally adjusted unemployment rates 
of adult men (20 years of age and over) and of male teenagers (from 16 
to 19 years of age) designated by URM20-1- and URM16-19, respectively 
Time-trend variables (time and time squared) are also included to capture 
secular changes in agricultural unemployment rates relative to adult 
and teenage male unemployment rates 

With the unemployment rates expressed in natural logarithms, table 3 
presents the regression equations Because of possible autocorrelation in 
the residuals of the ordinary least-squares equation (regression 1), it was 
recomputed with an adjustment for autocorrelation (regression 2) “ 
The autoregressive parameter is RHO The Durbin-Watson statistic 
equal to 2 05 indicates that there is no serial correlation or seasonality 
in the residuals of the prediction equation 

B Level of Employment 

The equation for predicting the level of employment (EMAG) uses 
seasonally adjusted quarterly (average monthly) data from 1950-1 to 

• The prediction equations for the unemployment rate and the level of employment 
use data only up to 1974-II1 for two reasons First, it would be inappropriate to compare 
an observed value with a predicted value that is not independent of that observed value 
Second, because of autocorrelation in time-senes data it is important to ascertain whether 
the observed value exceeds (or is less than) the predicted value in the period just prior to, 
as well as just after, the enactment of SUA 

’ In 1974, 83 percent of employed agnculiural wage and salary workers were men, 
of whom nearly one-quarter were less than 20 years of age 

‘ ® After controlling for the two unemployment rates and the curvilinear time trends, 
several alternative specihcations of the muumum wage, which has covered some 
agncultural workers since 1967, were all statistically insignificant Smee the objecuve 
was to obtain a good prediction equaUon rather than to analyze mimmum-wage 
legislation, a mmimum-wagc variable was not included in the 6nal equation For an 
analysis of the eficct of mimmum wages on farm labor markets, sec Gardner (1972) The 
two demand-shift vanables used in the analysis of employment (table 4) were also entered 
into the unemployment rate equation They had statistically insigmiicant effects 
scpiuately and as a set and were therefore not included in the final regression 

‘' For the data used in this paper (sample size approximately 100, four or five ex¬ 
planatory variables, 5-percent level of significance), the cnucal value of the Ourbin- 
Walson statistic for rejecting the hypothesu of no autocorrelation is about I 50 and for 
accepting the hypothesis of no autocorrelation about 1 70 
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TABLE 3 


Rcokemion Analysb op AoRiouLTiniAL Wage and Salary 
Worker Uneuployment Rate*, im-I to 1974-III 


Explanatory Vanables 

OLS Regression 

Adjusted for 
Autocorrelation 

Intercept 

- 0518 

0587 

1jiL'RM20-(- 

(-0 19) 

(0 19) 

1634 

2128 

LnURM16-19 

(1 47) 

(1 65) 

6824 

6058 

Time 

(3 93) 

(3 04) 

0051 

0057 

Time squared 

(2 45) 

(2 18) 

- 00005 

- 00005 

RHO 

(-340) 

(-2 83) 

1747 
(1 75) 

Adjusted R} 

73 

73 

N 

107 

106 

D-W 

1 67 

2 05 

SE 

121 

127 


SouRCft —Bureau of L>abor Siattsiics 

Non —Seasonally adjusted quarterly dau» I ratios in parentheses, dependent variable is LnURAC 


1974-III It IS a reduced-form equation in which employment is expressed 
as a function of the exogenous vanables that shift the demand curve and 
the supply curve of agricultural wage and salary workers Since the 
objective is to predict employment in the absence of SUA, a reduced- 
form equation, rather than structural supply and demand equations, is 
sufficient 

The demand for hired farm labor is a function of the price of the final 
good and the cost of alternative inputs The prices farmers receive arc 
measured by a series produced by the Department of Agnculture (PR) 
On the assumption that farm owners purchase as nonlabor inputs a wide 
spectrum of industnal output in rough correspondence to the proportions 
produced for the entire economy, the cost of nonlabor inputs is measured 
by the wholesale pnee index for all industrial commodities (WPIIND) 
The partial effect of increased prices received increases the demand for 
farm labor Increased pnccs for industrial commodities would also 
increase the demand for farm labor if, as seems reasonable, the effect of 
the piositivc cross-elasticity of demand for labor exceeds the adverse scale 
effect on employment of higher production costs 

The seasonally adjusted male teenage unemployment rate (URM16- 
19), which is dominated by job opportunities in the nonfarm sector, 
is used as the labor suppiv shift variable and is expected to have a posiuvc 
effect on agricultural employment * * Time-trend variables arc included 

‘ ^ Although wage-rate data are available for the nonfarm sector, appropriate data do 
not exist for agricultural wage and salary workers 
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TABLE 4 

Rboression Analysis of AoiucuLimtAL Wage and Salary 
Worker Employsont, 1950-1 to 1974-111 



Explanatory Vanables 

Adjusted for 
Autocorrelation 

Intercept 


7 11 
(44 3) 

LnPR 


0 28 
(1 72) 

LnWPI IND 


051 
(1 71) 

0 11 
(1 66) 

LnURM16-19 


Time 


0 005 
(127) 
-00001 
(-2 60) 

Time squared 


RHO 


0 67 
(8 15) 

Adjusted 


83 

N 


98 

D-W 


1 92 

SE 


0 053 


SouKCB —Bureau of Labor Statiitia and Department of Agriculture 

Nora —Seasonally adjusted quarterly data, t-ratios in parentheses, dependent variable is LnEMAC 


in the prediction equation to capture the effects of other relevant but 
omitted demand and supply shift vanables whose values may have 
changed over time 

The regression, adjusted for autocorrelation, of agricultural wage and 
salary employment on the explanatory variables appears in table 4 ' ^ 
The Durbin-Watson statistic (1 92) implies that there is no serial 
correlation or seasonality in the residuals of the prediction equation 


V. Testing the Hypotheses 

Tables 5 and 6 compare the observed seasonally adjusted imemployment 
rate and level of employment with predicted values obtained from the 
regression equations in tables 3 and 4 adjusted for autocorrelation 

The SUA was signed into law on December 31, 1974, with little 
forewarning * * Since one’s employment status in the CPS refers to the 
week containing the twelfth of the month, the January data should be 

‘ ’ Three other vanables were entered and found to have F-ratios less than unity 
individually and as a set These were the unemployment rate of adult men, a farm 
minunum-wagc variable, and the rate of change of nonfarm wages 

** It IS unlikely that the full response to a permanent SUA program could be observed 
in the first year smee an employment history within the previous 12 months is required 
to receive benefits, changes in factor proportions require ume, and the permanence of the 
program is uncertam 






TABLE 5 


Unemployment Rate< op Aoricultueal Wage and Salary Workers 
(Seasonally Adjusted, %) 


Month 

Natural Loo or the 
Unemployment Rate 

Unemployment Rate 

ObKrved 

Predicted* 

Difference 

Observed 

Predictedf 

Difference 

1974; 







Oct 

2 07 

2 02 

05 

7 9 

76 

03 

Nov 

1 97 

2 08 

- 11 

7 2 

80 

-08 

Dec 

2 07 

2 10 

- 03 

79 

82 

-03 

1975 







Jan 

2 32 

2 21 

11 

102 

9 1 

1 1 

Feb 

2 17 

2 25 

- 08 

8 8 

9 5 

-0 7 

Mar 

248 

2 25 

23 

120 

95 

25 

Apr 

2 53 

234 

19 

12 6 

10 4 

22 

May 

2 24 

2 34 

- 10 

94 

10 4 

-10 

June 

2 35 

2 26 

09 

10 5 

96 

09 

July 

2 13 

2 26 

- 13 

84 

96 

-1 2 

Aug 

2 35 

2 26 

19 

10 5 

96 

09 

Sept t 

2 29 

2 24 

05 

99 

94 

05 


Source —Obterved data from Bureau of Labor Statutica 

Note ^-Pre-SUA months are October 1974 through January 1973 ofl'-teason months after SUA ejy 
F ebruary through April 1975, on season months after SLA arc May through September 1975 
* Preoicted from regression (2>. table 3 
t Antilog of the predicted value from table 3 

t On the basis oi seasonal factors September may be viewed as an off-season month for the unemployment 
rate 


TABLE 6 

Employment op Agricultural Waol and Salary Workers 
(Seasonally Adjusted! 


Natural Log op 

Employment (000) Employment (000) 


Month 

Observed 

Predicted* 

Difference 

Observed 

Predictedf 

Difference 

1974 

Oct 

7 228 

7 244 

- 016 

1,378 

1,399 

-21 

Nov 

7 234 

7 227 

007 

1,386 

1,37b 

10 

Dec 

7 148 

7 215 

- 069 

1,272 

1,360 

-88 

1975 

Jan 

7 178 

7 165 

013 

1,310 

1,293 

17 

Feb 

7 087 

7 169 

- 082 

1,196 

1,298 

-102 

Mar 

7 085 

7 111 

- 026 

1,194 

1,225 

-31 

Apr 

May 

7 053 

7 134 

- 081 

1,156 

1,254 

-98 

7 203 

7 109 

094 

1,344 

1,223 

121 

June 

7 115 

7 195 

- 080 

1,230 

1,333 

-103 

July 

7 213 

7 146 

067 

1,357 

1,269 

88 

Aug 

7 221 

7211 

010 

1,368 

1,354 

1,353 

14 

Sept 

7 239 

7 210 

029 

1,393 

40 


Source—O bserved data from Bureau of Labor SutiMici cit* —. 

Note -Pre-SUA months an October 1974 through January 1975, off-season bUA are 

February through April 1975, oci-season months after AL’A are May through S^tember 1975 
• Pr«ic<^ from the regression tn table 4 
t of the predict^ value from table 4 
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Viewed as a transition, as behavior is not likely to be altered significantly 
in 2 weeks To the extent that there is more than a 6>week lag in response, 
pcrhafjs February should also be viewed as a transition month Three 
time periods will be compared an ofF-season prior to SUA (October to 
December 1974), an off-season after SUA (February or March to April), 
and an on-season after SUA (May to September) Observed and pre¬ 
dicted values are compared for October to December 1974 to test whether 
the prediction equation tends to consistently over- or underpredict for 
the months just prior to the start of SUA payments 

A Unemploymmt Rate 

During the base period (October to December 1974) the difference 
between the observed and predicted natural logarithm of the unemploy¬ 
ment rate was very small in each month, with a 3-month average of 
— 0 03, compared to a standard error of the prediction equation residual 
of 13 Hence, the equation does not tend to either overpredict or under- 
predict for months just prior to the enactment of SUA 

In the first off-season the mean difference between the observed and 
predicted natural logarithm of the unemployment rate was 0 11 for 
February to March and 0 21 for March and April During the 4 on-scason 
months, May to August, the difference was positive in 2 months, and the 
mean difference was —0 01 The difference equaled or exceeded 1 5 
times the standard error of the residual for only 2 of the 12 months from 
October 1974 to September 1975 (the off-season months March and 
Apnl), both of which have the hypothesized sign 

The mean difference between the observed and “predicted” (antilog 
of the predicted log value) unemployment rate was small for October to 
December 1974 and May to August 1975, —03 and —0 1 percentage 
points, respectively For the off-season after the enactment of SUA it was 
1 3 percentage points for February to April 1975 and 2 4 percentage 
points for March to Apnl 

These data are consistent with the hypothesis that SUA increased the 
unemployment rate for agricultural wage and salary workers m the 
off-season but had no effect in the on-season The off-season unemploy¬ 
ment rate may have been increased by about 15 to 25 percent This docs 
not appear to be a recurring seasonal pattern, since the Durbin-Watson 
statistic indicates the absence of seasonality in the residuals of the 
prediction equation 

B Employment 

A sirtular analysis appicars m table 6 for the level of employment From 
October to December 1974 the mean difference between the observed 
and the predicted natural logarithm of employment (in thousands) was 
— 0.026, half of the standard error of the residual ( 053) As hypothesized, 
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TABLE 7 

Difference between Observed and Predicted Labor ^orce 



Months the Difference 

U Positive 

Average Monthly Difference 

(000) 

Pre-SUA (1974) 

Oct -Dec 

0 out of 3 

30 

Post-SUA (1975) 

Feb -Sept 

out ol 8 

-2 

Mar -Sept 

5 out of 7 

-t-15 


Soi'RCi' — Ojnipulrrl from taliln S and 6 


the difference is consistently negative from 1 ebruarv to April 1975, 
averaging -0 063 for the 3 months and -0 054 for March and April 
The residual is positive in 4 of the 5 on-season months, May to September, 
averaging 4-0 024 

The hypothesized sign is obtained in 7 of the 8 months from February 
to September, or 6 of the 7 months from March to September The 
probability of these outcomes (no more than one mtorrect sign) appearing 
by chance is 3 5 percent and 5 3 pertent, respectively It could be asked, 
however, whether the signs of the differences between the observed and 
predicted values reflect a recurring seasonal pattern If they did, the 
Durbm-Watson statistic would indicate a significant positive auto¬ 
correlation in the residuals of the prediction cquat'on, hut this is not the 
situatton In addition, the residuals were examined for the prior year 
(1974) and for 1958, the vear with the highest post-World War II 
unemployment rate (6 8 percent; prior to 1975 In both vears the 
hypothesized signs are obtained in 5 of the 8 months from February to 
September but not for the same 5 months Flic probability of this outcome 
appearing by chance in each vear is 3b 3 percent 

Thus, the data are consistent with the hvfwthersis that .SU A decreased 
employment during the off-scasein and increased einplovmenl during the 
on-season 1 here were approximate Iv 65,OCK) to 70,000 fewer agricultural 
wage and salary jobs in the eiff-season months and approximatelv 31,000 
additional jobs in the on-season months than would have lie-en predicted 


C Labor Force 

Recall that in Section III it was hvpothesizcd that SUA would incieasc 
the agricultural wage and s.ilar\ worker labor forte Ibis can l>c tested 
using the data in tables 5 and 6 to compute the observed and predicted 
labor force The hypothesis is supported if the difference between the 
observed and predictexl values is more positive (or less negative) after 
the enactment of SUA This does, in fact, appear to be the situation (se^c 
table 7). 
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The analysis m this paper suggests that the introduction in January 1975 
of Special Unemployment Assistance (SUA), a nonexperience-rated 
federally funded unemployment compensation program, did affect the 
labor force status of agricultural wage and salary workers in the 
hypothesized manner 

The unemployment rate during the off-season months was increased 
by approximately two percentage points, or roughly 20 percent The 
on-season unemployment rate was apparently unchanged Thus, the 
seasonality of the unemployment rate increased and the annual (average 
monthly) unemployment rate increased by approximately one percentage 
point (10 percent) 

Employment in the off-season decreased by about 70,000 jobs per 
month (5 5 percent), while on-season employment increased by half that 
amount (31,000 additional jobs) Thus, the seasonality of employment 
increased and the annual level (monthly average) of employment of 
agricultural wage and salary workers appears to have decreased 

Although separately the unemployment rate and employment analyses 
provide an affirmation of the hypothesis that SUA influenced labor 
market behavior, taken together the test is even stronger There does not 
appear to be any hypothesis, other than the rational response of employers 
and employees to SUA, that can explain the particular pattern of the 
data Yet, the quantitative findings may be underestimates of the longer- 
term effects on the hired farm labor force of a permanent SUA program, 
as there has been too little time for employers and employees to adjust 
fully to the new incentives 
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A Dynamic Model of the Firm 
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I. Introduction 

The usual neoclassical production function forms the point of departure 
for the present model of the firm I will therefore briefly review the 
conceptual basis of capital and of the production function in the neo¬ 
classical model of the firm ^ In the static model, maximization of profits 
under the competitive assumption yields the usual optimality conditions 
that the firm must equate marginal value product of capital to its rental 
value and the marginal value product of labor to the wage rate Under 
decreasing returns, this yields the optimal level of capital and labor used 
by the firm, while under constant returns to scale in production only the 
capital-labor ratio can be determined, the size of the firm being 
indeterminate 

There is little difference between the conception of capital implicit in 
the production function and the way land may be treated m an agri¬ 
cultural production function However, it is possible to modify the 
analysis by a considcrauon of the short- and long-run and the associated 
fixed and variable factors and thus introduce features which distinguish 
capital from land Thus, variable factors like labor are adjustable in the 
short run but not the fixed factors such as capital The latter are adjustable 
over the long run 

In the intertemporal version of the model, ^ the firm maximizes the 
discounted stream of returns Its capital stock is obtained through 
investment This treatment gives an explicit relation between the rental 
value of capital and the cost of investment ([r 5 — tlc^c) as long as 

there is a positive level of new investment (by any firm in the economy) 
If the aggregate demand for this good is negative, the rental value of 
capital must adjust to equate supply and demand for existing capital 
A paradoxical result of this model is that capital again becomes a variable 
factor Also, for discontinuous changes in the prices of output or inputs, 
the quantity of investment is indeterminate In this version of the model, 

* By ihe “neoclassical model” 1 mean the textbook theory uhich forms the basis of 
most of the precise predictions and analysis in microtheory 

* We are concerned with the formulation due tojorgrnson (1967) 

[JtmrmI 1 / PWtfw#/ luamm j f, 1^76 vol 84 no J) 

1976 The Univeniiy of Clhicaito All nghu mrrved 
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the View of capital is modified somewhat from the previous one. Capital 
can here be conceived of as consisting of putty (or Swan’s more prosaic 
concept of a meccano set) which one can mold, add to, or subtract from 
as desired 

There are two major cnticisms of the model outlined These are the 
assumption of homogeneity and intertemporal substitutability of capital 
The former problem applies equally to labor inputs and is not a serious 
one as far as the theory of the firm is concerned ^ In principle, one can 
incoiporate different types of capital and labor into a production 
function The intertemporal substitutability of capital is a more funda¬ 
mental problem If capital exists in the form of putty, there is no problem 
of adding up the capital bought in different periods or using it inter¬ 
changeably in production (The same is true of Swan’s identical meccano 
sets with changing technical recifies ) In fact, capital consists of machines, 
equipment, plants, etc , which undergo technical change * Furthermore, 
productive facilities exist in the form of plants which have an optimal or 
planned level of labor use which cannot be freely varied * For both these 
reasons, the assumption of intertemporal substitutability of capital in 
production is a highly dubious assumption for much of the industrial 
sector It IS less inappropnatc for agriculture and service sectors 

The focus of my analysis is therefore the plant or production unit At 
the simplest level, we can think of this as being constructed from a 
homogeneous investment good ® The range of choices from among which 
a firm can select a plant for construction is represented by the plant-choice 
function This represents the available choice of techniques or capital- 
labor ratios, the corresponding sizes of plants, and the output available 
from each such plant Once the techniques have been chosen and 
incorporated into a plant they must remain fixed for the life of the plant 
For the purpose of this paper, this involves keeping the chosen capital- 
labor ratio constant ’ From a theoretical standpoint, the change to note is 
the replacement of the production function by the plant-choice function 
This provides a solution to the most imjxirtant criticism of the former by 
obviating the need for intertemporal aggregation of capital * 

Technical change is theoretically classified into two kinds—embodied 
and disembodied The former is represented here as improvements in the 

^ For a review of the problem! centenng on this question in aggregate growth theory, 
see Harcourt (1972) and Stiglitz (1974) 

* Solow (1959) was the first to consider embodied technical change in the context of 
an aggregate growth model 

’Johansen (1959) was the first to consider ex ante substitutable ex post fixed co¬ 
efficients, agam m the context of aggregate growth theory 

* In a subsequent paper, I will consider the inhomogenous-good case 

’’ A more general model which permits adjustments in this ratio will be introduced in a 
subsequent paper 

' This does not exclude the possibility of such aggregauon of ceitain types of capital 
m a nonhoinogeneous-goods framework, as will be shown in a subsequent paper 
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investment good and in the productivity of the plant as a unit At this 
homogeneous-good level, the latter can be thought of as represented in 
the capital-labor organization of the plant Disembodied technical 
change can be incorporated into existing plants This type of technical 
change can be subdivided into an exogenous and an endogenous com¬ 
ponent The former is represented by the exogenous increase m the 
educational level of the labor pool, which may be transferred to the plant 
through the usual process of labor turnover The latter is a kind of 
learning by doing arising from increased familiarization with and 
adaptation to the new plant on the part of labor 


n. The Basic Model 


A firm consists of a number of plants or production units We will assume 
for the sake of simplicity that the firm produces a single product (it is easy 
to generalize to a multiproduct firm) Therefore, in this case each plant 
produces the same product This output is sold on a perfectly com¬ 
petitive market The operational significance of this assumption is that 
there are no external limitations on how much the firm can sell at the 
given market price The firm’s objective is to maximize the present value 
of Its profit stream, given by 



A{t) [p Q(t) - w L{t) - c I,] dl, 


( 1 ) 


where Q{t), and I, are the total output produced, total labor 

employed, and the investment, respectively, at time t, p, w, and c are 
the prices of output, labor, and investment goods, respectively, at time t, 
and A(t) is the discount factor In general, this may be related to the ease 
with which funds can be obtained and the returns on borrowed or lent 
funds If perfect financial markets arc assumed. 


where 


A(l) = C-", 
r{t) = j* ^(p) dv, 


(1') 


and R{v) 1 $ the instantaneous rate of interest at time v 

Each period the firm must decide on the investment to be made in new 
plants As I noted in Section 1, the plant-choice function represents the 
range of techniques and sizes of plants from which the firm can choose 
at any given point in time We will assume that this function is a con¬ 
tinuous twice-difiTcrcntiable function of investment and labor Or, 
= F,(/„ LJ Thus, investment at any point of time v involves choosing 
the level of investment and the capital-labor ratio 
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new plant Once the plant is built, this ratio is assumed to remain fixed.’ 
The planned or initial labor usage in the plant is Z.„, and is the planned 
or initial output of this plant As the subscript on the F indicates, the 
plant-choice function can change with time with the development of new 
techniques and technology We will assume that this function satisfies 
the following conditions (with the numerical subscripts representing 
diflPerentials with respect to the first or second arguments) Fvu ^.2^11. 
Kli ^ 0, ^ 0, y = F,^^ F „22 - F„j, ^ 0 The last 

condition, of course, means that the plant-choice function must have 
nonincreasing returns to scale We will also assume that the plant-choice 
function IS homogeneous of degree A 

Depreciation is assumed to manifest itself as the decay of capital at a 
constant expionential rate, <5 The stock of capital at time t in the plant of 
vintage v is /„(() = /„ e~* "Po maintain the constancy of the 

capital-labor ratio, it follows that the labor employed in the plant 
vintage v at time t is L^(t) = Z.„ Jt is possible to think of capital 

decay as a decrease in the effective capital stock due to depreciation, 
which permits a proportional decrease in the labor used in the plant 
Disembodied technical change is assumed to manifest itself as an increase 
in output over time*’ at a constant exponential rate, (X As was indicated 
in Section I, the endogenous part of this is a type of learning by doing 
This is a kind of learning by doing which depends only on the time 
elapsed since the plant was built and staffed In effect, any learning prior 
to the start of the new plant is already included in the vintage-dependent 
term for general plant technology “ 

The output from a plant of vintage v is therefore influenced by both the 
depreciation and the disembodied technical change It is therefore 
given by 

<?„(/) = 4(0] = r'''->F,[4-*<'-’>, Z./-*'-"] 

= c-'<-“'F„(/„, 4), 

where <5' = A d — a The total output of the firm from all plants is 
t herefore 

<?(0 = f' QM)dv= f' F„(4 4) r-" <'-■’></. (2) 

J - 00 J - 00 

* A certain type of Axed change in this ratio is permitted in another paper A more 
general model which permits freer adjustment is not included in this paper but will be 
presented in a subsequent paper 

The only other possibility is a decrease in labor requirements over time It is con¬ 
ceptually more satisfactory to introduce thu along with the more realutic depreciation 
model 

*' Note that the usual representation of learmng by doing as a function of the 
cumulative output reduces to one which is similar to that used here if the output level is 
kept constant 
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On diflfcrcntiation this yields the following constraint 

Q{1) = F,{I„ L,) - S' I' L„) dv 

or 

Q{t) = F,(/„ L,) - S' Q(t), (3) 

where Q(t] = The total labor used by the firm is similarly 

1(0 = I* ' Z .„(0 dv = f' L, r--"'-") dv 
J - ® J - 00 

or 

L(t) = L, - S L{t), (4) 

where Z(/) = dLfdl 

The constraint equation (3) says that the change in output at time t 
must equal the output due to investment at time t, minus the output 
decrease due to decay of capital, plus the output increase due to the 
increase in the productivity of old plants ’ ^ The constraint equation (4) 
says that the increase in labor employed by the firm is given by the 
labor needed for the new plants minus the labor released from the old 
plants due to capital decay 

The problem is therefore to maximize (1) subject to the constraints (3) 
and (4) The necessary conditions for an optimum, which are derived 
in the Appendix, after simplification and use of equation (1) yield the 
following equations ' ^ 



F„{I„ L,) = c'F„ 


(5) 

F„(/„ L.) = WJP, 


(6) 

P, = <■"' 

' 00 

p di, m 

r 

= r + 5', 

(7) 

W, = e”' 

1 u e dv, n 

= r + (5, 

(8) 


where F,, and F,^ are the differentials of the function F with resfiect to its 
first and second arguments, I, and respeciivciv The former represents 
the marginal product of investment in a new plant while the latter is the 
marginal product of planned (or initial) labor inputs into the new plant 
Equations (7) and (5) indicate that P, tan be termed the shadow price 
of the output produced by the new plant The former equation shows 
that It IS related to the stream of output produced bv this plant, appro- 

' * Recall that S' = £ h — a The fint temi on the right represents the effects of 
depreciation and the second term the effect of continuing lechnical change 

1 s The sufficient conditions for a maximum are also examined in the Appendix The 
earlier assumpUon of nomncrcasing returns is related 10 these conditions 
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pnatcly adjusted for continuing depreciation and technical change Thus 
equation (5) shows that investment in a new plant must be earned to 
the point at which the shadow marginal value of output obtained from 
It IS equal to the cost of investment Similarly, equations (8) and (6) 
indicate that is the shadow wage of labor Again, the former equation 
indicates how it represents the stream of labor inputs into the plant over 
Its life, adjusted for the depreciation-related release of labor Equation (6) 
then shows that the planned labor input into the plant must be such that 
Its shadow maiginal value product equals its shadow wage 

It is clear from the above equations that if future prices and wages and 
the discount rate are known, and IV, can be calculated These can 
then be substituted into equations (5) and (6) to obtain the optimum 
level of investment and the capital-labor rauo for the new plant (If 
y = 0 only the latter can be determined ) We thus obtain optimal 
investment as a function of the present and future price of output and 
labor, the present and future rate of interest, and the present price of 
investment goods The total output of the firm is obtained from equation 
(3) and is also a function of the same variables The important role that 
future prices and wage rates play in the present decisions is apparent 
from the optimality conditions The present price and wage rate con¬ 
stitute only a small element of the shadow price of output and the shadow 
wage, respectively 

If the exogenous variables mentioned above are given to the firm 
through a futures market, the firm has no need to know either the future 
price of investment goods'^ or the future shape of the plant-choice 
function as far as the present decision is concerned The latter means that 
the firm does not need to be concerned about future technical innovations 
However, it is implicit m the perfect competition assumption that both 
these are alrcad) represented m the future price of output The mechanism 
of action IS the luture supply curve of the industry to which this firm 
belongs Thus a future decrease in the price of investment goods or a 
positive increase m the rate of technological change shifts the supply 
curve to the right, reducing the output price at the time (This statement 
implicitly makes use of the analysis of Section III ) This decrease in price 
would be reflected in the future market for output and thus influence 
the present shadow price and the present investment decision ' ’ 

ni. Analysis 

An explicit solution of equations (5) and (6; would, of course, require 
the assumption of a particular functional form for F, We can, however, 
analyze the effect of changes m exogenous vanables on investment, 

This IS no longer so if investment in a given plant is dutnbuled over time 
‘ ’ Note that participation in the futures market ivould require that the firm determine 
Its future demands and supplies 
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labor u»e, etc , before making this choice Totally differentiating (5) 
and (6), for given t, we obtain** F^^ dl, + dL, = dcjP, - 

c dPJP, , F j, dl, + F 22 dL, = dWJP, — W, dPJP^ These arc easily 
solved (if y = 0) to get 



Using equations (5) and {6) to simplify we obtain 

dl. “ ^1 [^21 dc - F, 2 dlV, + (F2F,2 - F,F2 2) dP,]l(cJ} ( 9 ) 
dL, = F, [-F,, dc + F„ dW. + (F,Fj, - FjF,,) dP.y{cJ) (10) 
Similarly, differentiating (7) and (8) and simplifying*^ we get 


dP, = dpjm 


dW, — dwjn 



dr 


dr 


(H) 

( 12 ) 


Here the differentials with respect to p or oi represent differentials with 
respect to the whole price or wage rale stream, respectively That is, it 
represents changes which occur when the whole price or wage rate 
stream is shifted marginally It is easy to show, however, that the signs 
obtained remain the same if the changes arc for a given time interval or 
for a stream starting at tg > ( In the latter case we have 


dPJdp = (IT) 

ewjdw = ( 12 ') 

This shows that the further in the future the changes commence (i e , the 
greater Iq is), the smaller their effect on present (i c , at t = 0) shadow 
price or shadow wage rate 

Using the differential equations derived above and the assumptions on 
the plant-choice function presented in Section II, we can carry out the 
following analysis We have = FiFjj/Vy < 0, dL,idc < 0 Boih 

investment and the planned labor input into the new plant are negatively 
related to the present cost ol investment goods From equation (2), 
noting that investment and labor use in old plants are unaffected bv 
present or future changes, we must have 

dQj(\ - f' f-**'-*' [F,(ei,iex) + F2{dL,!ex)] dv 

Jt-4t 

* (1 - e-* rfU (F.f^/./^r) -t- Fj(<=/.,/t'ar)]/<5', (131 


* ‘ 1 drop the / lubicripl on f for the rcsi of thi» paper 
*' See Appendix \Vc are again holding < conilant 
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where x is c, w, or p As 5'dt > 0 and < 1, dQjdc < 0 The total 
output of the firm is reduced if the price of investment goods rises. 

Similarly, we have dljdw = —F^F^ 2 hJc < 0, dLJdw < 0, dQjdw < 
0 This shows that changes in the present or future wage rate have a 
negative effect on the investment and planned labor input into the new 
plant as well as on the total output of the firm Using equation (12') we 
can also sec that the further in the future the exogenous perturbances in 
the wage rate appear, the smaller will be the absolute effect on these 
variables We also have dl,jdp = (fi’ 2'^12 ~ FyF 2 i)(mJc > 0, 

dLJdp > 0, dQIBp > 0 Thus, changes in the present or future prices 
of output have a positive effect on investment and planned labor input 
in the new plant as well as on total output, and the nearer to the present 
these changes start the greater is the effect 

For the effect of a change in the capital-labor ratio, k, = IJL,, we 
hBvc^0(8k,IBc)lk, = {dl,ldc)ll, - {dL,ldc)L, = F,(F 22 ir, + F 2 jL,)jcJ = 
Fi(F 2 ,/, -H F 2 2 Li}l{cJft^i) Now as F is homogeneous of degree h less 
than one, Fj is homogeneous of degree A — 1 < 0 Therefore, Fj,/, -f 
F 22 F, = F 2 {h — 1) <0, and dKJdc < 0 We can similarly show that 
dkjdw, = —kj^i{h — l)j{ncJlJL,) > 0, and dkjdp = 0 
From equations (9), (11), and (12) we have 


dljdr = 


Ji 


(FiFjj - FjF.j) e"' P^-^odv + F,2 e 


I" W/--' rft/j • FJeJ 
= -^1,1 dp me"" dv + dijdw m"' (14) 

I* WV"" 


We know that both 

I* F/-"" rft) and W, e-"" dv 

are positive As dijdp and dijdw have opposing signs, the sign of (14) 
depends on whether the first or the second term on the nght is greater 
in absolute value We can call the first term the price effect and the 
second one the wage effect If the first is stronger than the second, then 
the effect of discoimt-rate changes on investment in the new plant is 
negative, but otherwise it is positive This is a somewhat unexpiected 


' * My thanks to Professor Arrow for suggesting the methodology for determining the 


signs 
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result An examination of equations (11) and (12) indicates how the 
pnce and wage effect terms arise These show that an increase in the 
discoimt rate has the effect of decreasing the shadow price and the 
shadow wage rate This is the inverse of the effect that an increase in p 
and w has on these two, respectively Thus, an increase in the rate of 
discount IS similar in sign to a simultaneous decrease in the pnce and 
wage rate after adjustment is made for the different weighting factors 
A similar analysis is applicable to the effect of discount-rate changes on 
the planned labor use and the total output of the firm, both being 
ambigpious m sign. 

This analysis also raises the possibility of investment (and the other 
dependent vanables) being independent of the discount rate It seems 
unlikely that the two effects would balance each other exactly However, 
It IS |x)ssiblc that the net effect lies in a narrow band around zero In 
such a case, fluctuations in the exogenous vanables could cause it to 
fluctuate around zero Any observations based on average behavior over 
time would then indicate a zero net effect 


rV. Conclusions 

There arc two aspects of this model which distinguish it from the usual 
neoclassical model One relates to the assumptions on which it is based 
and the other to the results derived from it The former have been 
reviewed in Section I and their correspondence to reality emphasized 
there Among the latter, the imfx>rtance of future prices and wage rates 
was indicated in Section II, and the possibility of a positive or near zero 
effect of interest-rate changes on investment was shown in Section III 
Another implication of this model is the change in focus by the firm, 
from the passive adjustments which charactenze the neoclassical model 
to active pursuit of investment and growth In the neoclassical model the 
firm reacts to price changes by appropnate adjustments in capital and 
labor inputs so as to maintain optimality In my model the perspiecuve 
is changed considerably Adjustments take place in the level of investment 
and the capital-labor ratio to be used in the new plant 


Appendix 

The problem is to maximize (I) subject to (3) and (4) We form the Hamiltonian 
H,H=^ A(t){pQ - wL - cl,) + P', L,) - S'Q] + (L, - S L) The 

necessary conations are then given by” dHjdl, - —cA{t) + P, L,) = 

0 , or 

F„{I„ L,) = cIP,, P.= P'.^ P’JA[t) 

BHIdL, = P'. F„{1„ L,) + K = 0, 


(15) 


See, for example, Bryson and Ho (1969) 
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or 

F„(/„ L,) = WJP,, W,^ - W',IA{t) 

/>; = -BHjdQ = -[pA{,l) - S'P'.], 
or 

P', - S'P', = - PA{t) or d(P',€-*'')idl = -pA{t)e-*'< 


K = «*'' pA{t)€-*''’ dv 

The = —dHjdL = ~[ — wA{t) — or, solving as above, 


(16) 


(17) 


(18) 


Equations (15)-(18) reduce to (5)-(8) if we substitute A{t) = e~'' from (!') and 
put m = r + <5', n = r + <5 

The concavity assumptions on F, along with the linearity of the rest of H mean 
that the concavity of //** is insured (Arrow and Kurz 1970) In addition, a 
maximum requires the fulhilment of the followmg transversality conditions 


hm T' S 0, hm P'Q = 0, 

»-* + OD f-* + 00 

hm W' > 0, hm W'L = 0 
(-. + «. ,-. + 00 


Let us consider these conditions for the case in which r is constant and p and w 
are growing at the constant rates a and 6, respectively Substituting p = Pat", 
w = Wge", and A(t) = e~'' in equations (17) and (18), we obtain P', = 
Po‘^*~''>'l{m - a), iv^ = u)o«**“''>'/(n — b) For F', the transversality condition 
therefore requires that r be greater than a This is a very plausible condition 
because if the reverse were true, it would pay to keep goods off the market and 
keep accumulating them for future sales A similar condition must be fulfilled 
for W, For the more general case in which p and w are not growing at a constant 
rate, we would expect such a condition to be fulfilled on the average, though at 
any individual point it may be violated For the constant-growth case, the second 
set of transversality conditions requires that QIQ = Q,/Q — S' <, r — a, 
LjL = LfjL — 3 ^ r — b The first equation says that the rate of increase in the 
production of output must be less than or equal to (r — a) or that the rate of 
growth of the value of output be less than the discount rate The second equation 
is a similar statement about wage outlays Both these are linked to the convergence 
the maximand in (1) In this and most subsequent analyses we will assume that 
the transversality conditions are fulfilled 
Differentiating equation (7) we obtain 


3P, 

bp 



r"",-"" 1 


m m 



tP, -I- 


r 


tpt- 


dv 


dr 


dv 
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^^tP, + J p,-m. _ J" I* j 
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= tP. - tP, - J" P^- 

pCD 

= P^ 


dv 


dv 


The analogous differentials of fT, are derived from equation (8) in exactly the 
same way 
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IVIultilaterai and Bilateral Measures of 
Effective Exchange Rates in a World Model 
of Traded Goods 

Stanley W. Black 

VatuUrlnlt Uituuntff and IntMuu/ar Intmaiumal Econamu Sludus, 

Unaasity of SlockJuim 


When the exchange rates of most of the major trading nations of the world 
are floating, the two-country theory of the balance of payments with 
traded and nontraded goods needs to be modified to take account of the 
multiplicity of foreign price levels for tradable goods ' This note develops 
the relationship between the price of traded goods in a single country 
and changes in exchange rates in all other countries, using a simplified 
version of the IMF’s Multilateral Exchange Rate Model (MERM) (see 
Artus and Rhomberg 1973; Some notable simplifications are obtained 
under small-tountry assumptions 

The standard technique for dealing with a group of floating rates is 
the concept of ejfecltve exchange rate (see hconomic Report of the President 
1974 pp 220-26; When there are n countries floating, the movement 
of the dollar exchange rate may give a verv inaccurate idea of real 
changes in the mtemational purchasing power of any pven c«'-rcncy 
The cffccuve exchange rate for a country can be defined as a wcigite 
average of the exchange rates of lU trading partners, with all rales being 
merited relative to some base year An index can then be computed ^ 
"mg the actual exchange rate of the country with the weighted 

average of the rates of its trading partners 

Th* “ ‘ L,rK; 

equation (1), where 

,, = mdex = r/e, ('^ 

the rates r* are defined as units d currenev * j^r dollar •‘"d ^ = 

. The iheory .. gocn f.. a ,v.o-c„«.Ury world b> Kemp 


/mm / to Jt. Similarly, an import-weighted iadac it d^aed in (2), where 
.L*- /ifiV imnortf comintt Otm 4: 


,7/ tojt. tfimJJany, 

= X IZ*J ^ 

ey = X'^*A Index m fjltj. 


Mij = ^kj. 


( 2 ) 


These indexes give extremely useful informauon concermng f/ie effect 
of shifts in worJd exchange rates on the competitive j^ition of a gi^n 
country Nevertheless, they have at least two major shortcomings One 
generally acknowledged drawback is that bilateral weight indexes ignore 
the effects of competition between the products of countries 7 and k in 
third markets An additional problem is that an index of exchange rates 
IS not a price index of tradable goods Both of these limitations can in 
principle be resolved through the use of the MERM 


1. Prices of Traded Goods 

The following simplified version of MERM assumes that there is only 
one class of tradable good It is also assumed, for simplicity, that incomes 
and prices of nontraded goods are held constant by policy in all countnes 
while exchange rates are allowed to fluctuate in response to exogenous 
shocks For any country k, the tradable “good” 2* is assumed to be a 
composite function of the “products” of the n trading partners 

2* = /‘(2‘, . 2i) (3) 

In order for this aggregate tradable good to be definable independently 
of the amount of the nontradable good, it must be assumed that the 
marginal rate of substitution between any two “products” in ( 3 ) is 
independent of the consumption of the nontradablc good (see Armmgton 
1969) 

Under these assumpUons, the proporuonafe change in the demand for 
exports from country j to country k can be wntten as 

= i: - 7’*), (4) 

1 

where P* = proportionate change m the dollar price of the product of 
country i, T* = proportionate change in the dollar price of country k's 
currency, and = price elasucity of demand in country k for product j 
with respect to price i * With X) = P^Z) defined as the dollar value of 
exports fromj tok, the share ofj’s total product of tradable goods exported 
to k\sW)= Xj. The percentage change in the total value of 

production of tradables in j is then 

X* = W)X» -Pj + Yi (5) 

k t 

* Anus and Rbomberg (1973, eq [1], simplified) 

* Ibid , eq (3), simplified. 
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Finally, we awime that the pr.cc clast, c.ty of supply of tradable, 
produced in country^ is fij, so that the proportionate change m the value 
of tradables in country j is 


PJ + Pj(Pj - 


T’* 4 

^ J/ 


IG) 


Equating value of demand and supply lor each country we have the 
equilibrium conditions 


E ^^5 E - Ttj , 

1-1 t«i 


7'* 


J = 1, 


, n H) 


The demand equations have the property that 


n 


E'/Jt 


= tt' 


(») 


since an equal proportional, .n<reas, in the Iraclable-goods prices of all 
countries will redute dc.nand .ountrs A depending on the demand 
clasticuy in k After dividing through In we cat. untc (7j as 



where Sfj — 1 if , _ j and zero otherwise, and similarly for In 
matrix terms, (9) can be wrilten as 


Ap* = Bi*, (10) 

with solution 

p* = A-'Bi* = Ml* (11) 

Note that ifall Pj = oc, 4 = B = —I Rewriting fll), we have 

= E 

1= I 

where the arc the elements of a matrix depending on the trade shares 
and the demand and suppK elasiicities I he implitalion of this result is 
that the changes in exchange rates 7 * now have definite implications 
for the thangts m puces of tradable gocxls produced in each country 
If the, supply elasticuits Pj arc infiiule, the of (12 1 equal unity for 
j — k and zero otherwise, implving that P* = T* *or all j (This is 
obvious from [7J, after both sides are divided bv Pj ) 

Finally, wc need to relate the prices (Pj) of the “products” (Zj) of 
each country j to the price (/") of the tradable “good” (Z‘) consumed 
in country 1 This < an be done b\ means of vhc following price index 
Let Sj = X'j = the share of I’s total use of the tradable good 


Ibid . W1 ( 15 ), simplitird, with the supply elasuciiy fij defined in volume terms 
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. • /f069 D, 174, n. 29) showB that 

Then Amnngton p ^ ' / 


that.*imported fromy Then Annins.u.M—- 
a pnce .nS« for the tradable good can be defined ai 






(13) 


Making use of (12), we have a relation between the changes in exchange 
rates in all countries and the world price of tradable goods in country t. 

P*' = m,,r: -t(t 

jTl *= 1 »- 1 \;-l / 

When supply elasticities are infinite, this simplifies to 


P*' = 




(15) 


which IS very close to the bilateral import-weighted index given by 
equation (2) In fact, if we define Z* to be the foreign-source tradable 
good, (15) would be exactly the same as (2) except that the exchange 
rates arc defined inversely Thus, computations based on formula (2) 
are consistent with MERM and will be useful measures of the effects 
of exchange rates on import prices for small countries facing fixed prices 
A further question is, Under what conditions may formula (1), the 
export-weighted index, be consistent with MERM^ There are three sets 
of conditions in which a formula like (I) can be a useful measure of 
export prices First, if the country is a small country unable to affect the 
prices of Its exports, then the elasticity of demand for its product 
tends to minus infinity If we assume that the elasticity of substitution 
between the different “products” in (3) also tends to infinity, then the 
prices of all the related goods move together, and other cross-elasticitics 
go to zero In this case the export price of a group of exporters of a 
homogeneous product is determined by the following modification of 
equation (7) for the case of infinite demand elasticities 

E = E 

k*j k*i 

or 

n = E 

k*j 

where the weights defined for a group of 

exporters This is identical to (1), based on group export weights For a 
small country of this type, it might also be reasonable to assume that 
foreign supply elasticities are infinite, so that (2) is useful for import 
prices 

The second case is a small country where the elasticity of demand 
tends to minus infinity while the elasticity of substituUon remains finite, 
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liecpinS aMumption of diflercntiated products Thcr» n can be 

shown that import pnc« remain constant in terms of foreip currency, 
M Tf.* Expiort prices are determined by the inverse of equation 
(13), 50 that inverse import weights arc appropriate rather than export 
weights. 

In the third and most unrealistic case, cross-clasticities of demand for 
the country’s product are assumed to be aero in all foreign markets, 
while own elasticities arc finite and the domestic supply elasticity is zero 
In the relevant modification of (7) for these conditions, the export shares 
IVj in (16) should be weighted according to the elasticity of demand, 
that IS, replaced by The simple export weights could only be 

appropriate if the demand elasticities were the same in all markets 


2. Effective Exchange Rates 

Let us now consider an effective exchange rate, using the MERM solution 
n21 According to Artus and Rhoinberg n973. p 606), “the effective 
exchange rate change of a (urrcncy can be defined as the change t at 
would Luce the same alteration m its trade balance 
numeraire currency as that brought about by a given realignment of a 
erhange rates” following this defim.ion, it is possible ,0 denve the 
effective change rate hi exphr.tK m terms of the price changes g. e 

Z‘ IS the volume of exports from country J to country k, the 
l.ad: bafa^ic: in terms of dollars of cc>u,nrs k is (with imports on the 
left-hand side and exports on the right-hand side) 

frl I*'' 

Differentiating w„h respect .0 time and using the definition A') = F^Z), 
we find , (1Q, 

^ x\{p* + z;‘' = £ ‘ 

V'" = T V‘ -1- A' Then equation (7, can 

Let us define A, = Ls-i -S Z {■ .,nd allowing for the 

be rewritten, after multiplsmg through 
virtual effective exchange rate change hi, as 

± xizv = £ . Ajzr = 

> Under ihcse candilion.. the 

(b* - a* _ r It tEi* for all 1, using t' 3 ' 

relevant mUfical.on of (71 Vam indeh.ed to Howard Peiuh and Ruddf 

Thu will hold lor all J only if P - ' ^ 

Rhomberg for pudung me 10 explore lhe«- tnree 
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SubstJtuung from (20) into the nght-hand side of (19), one finds 


g x){P) + z;*) = x^uPt - Pt ~ Et) 


-xizr + '^xip: 

( 21 ) 


or 

± x^p* + z;‘) = xj,(p: - t: - £*•) + r xiPi (22) 

Using (8), one can rewrite (4) to include the virtual effective rate change 
E* as 

2 ;* = E (23) 

Then, if we let *= X3-i ^j> (22) becomes 

Z + Z - ^V[t: + e:) 

j»l V t-I / 

= - r* - £*) + (24) 


Solving for £* and defining = A’*/£j, we find the MERM effective 
exchange rate 


£ 


* 

1 


__L±i*_n. 




+ 



The components on the nght-hand side of (25) can be computed from 
the MERM solution (12), giving £* as the virtual effective exchange rate 
change by country k that would leave its trade balance unaffected after 
a multilateral set of changes T* Suppose, for example, that aj = 1, 
If* = — I, and = 3 Then (25) defines the effective exchange rate 
change as the change in the local currency pnee of exports {P* — T*) 
less 0 25 times the percentage change in the dollar value of local demand 
for impiortcd goods that would have occurred in the absence of a change 
in the pnee of the local currency More generally, the weights of these 
components in the effective rate index dcjiend on the clasuciues of 
demand and supply for traded goods, as in (25) 

It is now possible to sec the difference between the multilateral index 
(25) and the bilateral indexes (I) and (2) Thus, while bilateral mdexes 
may provide useful measures of the effects of floaung rates on export 
prices and import prices of small countries, they arc not useful measures 
of the exchange rate change by a single country that would affect its 
trade balance in the same way as a given set of multilateral changes in 
exchange rates. 

There is one simple, but highly unrealistic, case in which the bilateral 
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«nd multilateral indwe. are equivalent Let u» add to the small-country 
case the additional assumptions that the home country’s cross-elasticiucs 
of demand are all zero {r,)„ - 0 for , ^ ^ and ^ = i,‘ for ; = ;) and 
that initially trade is balanced (so that a* = 1) If we use results (15) 
and (17) for the small-country case, equation (25) simplifies to 


£f = T\ £^jTj - V' s'^T* - T* 


a weighted average of the export-weighted and import-weigh ted indexes, 
with weights summing to unity 
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Triangular Graphs 

Joe Latham 

Unwtfstty of Glasgow 


Historical Introduction 


Toward the end of the n.neteenth century, cxtens.ve .nvest.gat.ons were 
made of the properties of mixtures of two or more metals (alloys) based 
on the phase rule, which was first formulated in 1873 by Gibbs (1961 
pp 55-353) ’ 


A definition of a mixture is that it possesses one or more properties 
which are functions onl, of the proportions of the components present 
and are independent of the total amount of the mixtuie For example, 
the hardness or melting point of an allo> is determined by the relative 
amounts of the lomponents and does not depend on the amount of the 
alloy 

Two-component mixtures can be adcquatelv represented by a straight 
line drawn on a rettangular (.artesian graph Tlie treatment of the 
general case invoKmg mixtuies of more than two components requiies 
more sophisln ation A first step is the representation of threc-compioncnt 
mixtures by means of triangular graphs 

An earls example is prosided bv the ssork of Fisher (1906), who 
wanted a simple m<ans of calculating the fraction ol a patient’s intake 
of calorics that originated from protein, carbohydrate, and fat In 
counting calorics, one can regard food as a mixture of these three 
components 

Requiring a method that could Ik used in a hospital ward, Fisher 
rightly rejected algebra and devised an ingenious technique based on 
triangular graphs Unfortunaieh, at this time, triangular coordinate 
graph paper was not available Fisher used square-grid ccxirdinatc paper 
based c>n an isosceles right-angled triangle, which necessarilv introduces 
arbitrary asymnietrv, so this method was not further developed 

It IS jicrbaps noteworthv that Fisher was supervised at Yale bv 
J Willard Gibbs, which ma> help to explain Fisher’s unusual choice of 
technique in dealing with this ihrex*-componcnt-mixturc problem 

In tbe carl> decades of the tvsentielb century, the value of the work 
of Gibbs on the phase rule was widclv recognized among metallurgists 
and physical chemists, leading to extensive studies of alloys containing 
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three components (Hume-Rothery, ChrisUan, and Pearson 1952, pp. 
245-53) As a result, a steady demand was created for thangiUar 
coordinate graph paper, which is now commercially available.* 

This communication is intended to draw attention to the potential 
usefulness for expository and pedagogic purposes of graphs drawn on 
triangular coordinate paper in connection with some problems in 
economics For this purpose, two examples based on economic data are 
presented The first example shows how the composition of GNP for 
selected countries has changed during the period 1958-67 The second 
example is based on international trade from 1946-69 
Such graphs cannot be used for estimation purpioses, although tech¬ 
niques have been developed for fitting regression models to data where 
the explanatory variables form a mixture, such as the three-component 
mixtures discussed in this note (Cox 1971) A review on the general 
literature of mixtures is given by Cornell (1973) 


Use of Triangular Graphs 

From time to time, the properties of the equilateral triangle have been 
applied by various workers to data from outside the physical sciences 
Some examples, but not an exhaustive list of such applications, can be 
found dealing with topics such as urban reconstruction (Bums 1961, 
pp 83-86), the importance of the service sector in EEC countries 
(Lengelle 1966, pp 51-57), medical diagnosis (Aitchison, Tavlor, and 
^^cGIrr 1971, Aitchison 1974), and balance-of-paymcnts adjustment 
(Cooper 1968ii, pp 17-21, 19684) 

Nevertheless, I have found no source which attempts to demonstrate 
the intrinsic value of triangular graphs m economics, and it is certainly 
true that many economists have not seen or heard of such graphs and arc 
unaware of their potential value 

However, economics abounds in three-way classifications in whit h data 
can most simply be represented by using triangular graphs For example, 
the national product is often broken down into the contnbutions of 
agriculture, industry, and services A similar classification is used for 
the analysis of household exjjcnditures (food, manufactured goods, 
services) Factors of production are often grouped as land, labor, and 
capital, expenditure on the national product is made up of domestic 
expenditure plus exports minus imports, statistics of international trade 
arc aggregated by the United Nations into three categories, Class I 
(developicd market economics), Class II (developing market economics), 
and Class III (centrally planned economics), urban building land is 

’ Triangular coordinate graph paper u obtainable from H W Peel Ltd , Chartwell 
House, jcymer Drive, Greenford, Middlesex, Uiutcd Kingdom, and from Keuffel and 
Esscr Co , 40 East 43d Street, Nov York, New York 10017 
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that can be broken down into tVirce component parts 


Plotting Triangular Graphs 

The mathematical basis of triangular graphs is iliat the algebraic sum 
of the three perpendiculars from any point to the sides of an equilateral 
triangle is indepiendent of the position of the point If the point is outside 
the triangle, one or more of the perpendiculars smII have a negative length 

C.onsequently, an^ three frat tions adding to unity, or three percentages 
totaling 100, can be represented by a single point in an equilateral 
trianglar graph, the lengths of the three perpendit ulars being proportional 
to the three frattions or percentages plotted 

If the three quantities being described are A, B, and C, then one vertex 
of the triangle will correspond to 100 percent of .4 and 0 pertent of B 
and 6 1 he base BC corresponds to 0 percent of A Lines parallel to BC 
correspond to a fixed percentage of A which can be read from the scale 
printed on the graph paper I’he line corresponding to 110 percent of A 
(which may be needed if or f is negative) is parallel to BC but outside 
the original triangle Similarly, the vertices B and C correspond to 100 
percent of B and C, respectively 

The point that represents/>„ percent of 4, percent of B, and f>^ percent 
of C is therefore the intersection of three lines The first line is parallel to 
BC, and its distance from BC is jjcrcent of the distance from BC to A 
Similarly, the second line would be pertdu of the distance from AC 
to B and the third line would lie p^ percent of the distance from AB to C 

On the standard form of triangular graph paper, each side is divided 
into 100 units, whu h is panic ularlv coiivciiiciil for expressing percentages, 
w'hitli may Ire plotted directly rime trends arc shown bv plotting a 
senes of points '1 he trends arc cliaracteri/cd bv the length ot the path 
and the direction ol movement, as well as by the position of the path 
m the triangle 


Example 1: The Chang;ing Structure of GNP 

Figptrc 1 shows the change in ccoiioniic structure of GNP dunng the 
period 1958-57 for 25 countries, based on a ihrc'rfold c l.issificaiion into 
agriculture, industry, and -services (United Nations 1%8, pp 88 99) 
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Fio 1 —The changing structure of GNP, 1958-67 A, United States, B, Japan, 
C, Belgium, D, Umon of South Africa, E, United Kingdom, F, Italy, C, France, 
H, West Germany, /, Norway, J, Nigeria, K, Malawi, L, Uganda, M, Kenya, N, 
Morocco, O, India, Q, Yugoslavia, R, Hungary, S, Czechoslovakia, T, USSR, U, 
Romania, V, East Germany, W, Australia (1958-66), X, Bulgaria, Y, Turkey, Z, 
Pakistan 


The point corresponding to 1967 is shown by the head of the arrow, 
whereas that for 1958 is represented by the tail of the arrow Examination 
of figure 1 shows that the countries can be characterized by tliree features 

1 ) The Region of the Graph 

It IS immediately clear from the graph (but not from the corresponding 
tables of data) that the countnes listed fall into three distinct groups 
LDCs (high agnculture share), centrally planned economies (low service 
share), and advanced capitalist countnes (low agnculture and high 
service share) ^ Thus, Japan is clearly grouped with the advanced 
capitalist countnes, whereas Turkey is grouped with the LDCs 

n) The Length of the Arrow 

Visual examination of figure 1 suggests that the length of the “develop¬ 
ment arrow” is less for the advanced countnes than for the other two 
groups. But some care should be exercised in detailed intercountry 

* The low share of services in the centrally planned economies is partly a matter of 
definition^ a> government icrviccs arc excluded from the national product 
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compansons, as the arrow corresponding to a change from, say, 55 to 45 
percent agriculture would have the same length as one corresponding to 
the change from 10 to 0 percent agriculture, although these two changes 
would clearly have different interpretations Nevertheless, a cursory 
examination of figure 1 indicates that the arrows of the low per capita 
income countries are longer than those of the advanced countries The 
graph thus suggests that the relation of per capita GNP to changes in 
the composition of GNP might be a topic worthy of further investigation, 
with the tentative conclusion that the developing countries arc undergoing 
structural change more rapidly than the advanced countries 

The length of the arrow can be conveniently computed from the 
coordinates (d,, C,) and (A^, B 2 , Cj) of the points corresponding to 

the head and tail of the arrow If the length of the arrow is Z), it follows 
by simple geometry that 

/)' = (fl, - - {A, - A2){C, - C,) 


in) Tfu Direction of the Arrow 


The trend with time of the composition of GNP is shown by the direction 
of the arrow, the most noticeable feature being the move away from 
agriculture toward industry and services As both the length and dirccuon 
of the arrow can be measured, these properties ma) form the basis of 
indices of the extent and direction of structural change 

If required, the direction of the arrow can be computed from the 
formula 


tan 0 = 


V3(^. - 


(C, - Cj) - (.4, - A 2 ) 

where, as Ix-fore, ilic two points are (-4,, B„ C,) and (A 2 , B^, Cj) and 0 
IS the angle relative to the base ot the triangle opposite the apex numbered 
B {i e , the direction from apex A to aiK-\ is rero degreesj 

It IS iinmediateK apparent from hgiirc 1 llini the arrows corresponding 
to tlie developing touiilries aie luoMiig lowani the region of the advanced 
(apitalist couiiliics In this liiiiited miisc, llie graph gists one aspect of 
the development proctss 


Example 2: The Changing Structure of World Trade 

The second example shows the application ol triangular graphs to the 
aiialvsis of trends m world trade (United Nations 1969, p 12; I'lic data 
plotted arc the source of imports entering international trade ovci the 
pencxl 1948 69 The classification used is ihal of tlic United Nalioiis, 
namely, Glass I = develojicd market oconoinits Class 11 = developing 
market economies, and Class III = cciitrally pl.iniicd economies 
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Fio 2 —The changing structure of world trade, 1946-69 Thu graph it plotted on an 
expanded scale The set of three numbers shown along the sides of the triangle gives the 
percentages of the world's imports into Class I, Qass 11, and Cla» III countnes, re¬ 
spectively, at the coirrsponding points on the sides of the mangle 


In figure 2, the triangular scale has been expanded by a factor of 3^, 
so that the three sides of the triangle are represented by the lines Class I, 
imports = 60 piercent, Class II, imports = 10 percent, and Class III, 
imjjorts = 0 percent The full length of the side of the triangle corre¬ 
sponds to a change of 30 percent in one of the values plotted (The sets 
of three numbers marked along the sides of the tnangle give percentages 
of imports for Class I, Class II, and Class III, respiectivcly ) 

The graph shows the general movement of world trade away from the 
developing countries, with a sharp discontinuity in 1959 when trade 
moved sharply toward the developed market economies 
The discontmuity could be an artifact if it were caused by some change 
in the method of reporting over the period In this connection, it may be 
significant that the change in the reporting interval coincides with the 
disconunuity. Another possible explanation is the rapid development of 
intra-European trade dunng the penod which followed the formation of 
the European Common Market Whatever the explanation, the graphical 
presentation immediately focuses attention on the discontinuity, and so 
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reveals a problem that might otherwise remain hidden in the tables of 
data It 18 m such preliminary examinations of data that triangular 
graphs may have their greatest value 


Other Uses of Triangular Graphs 

These graphs may be used wherever a property can be broken down into 
three component parts which add up to a constant total These parts may 
be individually positive or negative, for example, the relation 

domestic product = domestic expenditure + exports — imports 

can be plotted if domestic expenditure, exports, and imports are 
expressed as percentages of the domestic product The corresponding 
point will lie outside the original triangle opposite the apex corresponding 
to imports The base of the triangle would be the line 

imports = 0 

The plotted points would be in the region of the graph farther from the 
imports apex than this base line 

Triangular graphs can also represent three quantities whose product is 
constant by the simple expedient of using the logarithms of the properucs 
as the basic variable, since 

log iXYZ) = log {X) + log (K) + log (Z) 

An example where this can be useful occurs if corresponding indices 
of price {P) and of quantity ((?) are available for a number of years The 
value ( V) in real terms is given by 

V = P y. q y. F, 
where F is a deflaung factor 

One curiosity which is perhaps noteworthy is that, since the equation 
of the surface of a sphere is 

It IS fiossiblc to represent points on a sphcncal surface on tnangular 
graph paper As a result, maps of the earth’s surface can be drawn m 
which both latitude and longitude arc exact straight lines^ Such a 
triangular mapping would represent one octant of the earth s surface 
(say, from the north pole to points of longlitudc 0° and 90“ E on the 
equator) 
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The Observational Equivalence of Natural 
and Unnatural Rate Theories of 
Macroeconomics 

Thomas J Sargent 

Umverstty of Minnesota 


The usual proof that Friedman’s simple ^-percent growth rule for the 
money supply is suboptimal comes from mechanically manipulating a 
reduced-form equation Those manipulations, in general, show that 
pursuing a rule with feedback from current economic conditions to the 
money supply is better than followtng I'riedman’s advice To be valid, the 
proof requires that, as written in one particular wa>, the reduced-form 
equation will remain unaltered when the monetary authority departs 
from the old “rule” used during the estimation period and follows a new 
one Here I point out that there are always alternative ways of writing 
the reduced form, one being observationally equivalent with the other, so 
that each is equally valid in the estimation period It one assumes that 
the first form is invariant when the jwlicv rule is changed, the proof of 
the superiority of rules with feedback over Friedman’s rule goes through 
But if one assumes that it is the reduced form as written m the sectuid 
way that remains unchanged, the proof that Friedman is wrong does not 
obtain—instead, the implication is that I riedman’s rule docs as well as 
any other deterministic leedback rule and better than a stochastic rule 
Therefore, estimates of reduced forms alone will not permit one to settle 
the difference between Friedman and advocates of rules with feedoack 
Given any set of reduced-form estimates, there is an invariance assumption 
that will permit a member of either camp to make his point In effect, 
then, this paper poses the question Does the view that Fnedman’s 
k-percent feedback rule is as good as anv other deterministic feedback 
rule place any restrictions on reduced forms’ The answer is no This is 
distressing since, for a given sampling interval and estimation period, the 
reduced-form estimates summarize eversthing that the data ran ever tell 

John C»ewekr, Chrutopher Simi (tary Skoog, and Neil Wallace conlnbuted valuable 
commenU on an earlier draft of this paper The federal Reserve Bank of Vlmncapolis 
financed the work The view* expresard herein are wilely im own and do not necessanlv 
repreaent the views of the Federal Reserve Bank of Minneapolis or the federal Reserve 
System 
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US To rule on the policy issue thus requires bringing to bear theoretical 
considerations or doing empirical work of a kind considerably more 
subtle than that directed solely at estimating reduced forms. In effect, it 
IS necessary to get some evidence on what sort of invariance assumption 
is the most realistic one to impose How one does that is a delicate, 
though not entirely intractable, task, the discussion of which is outside the 
scope of this paper 

This paper is in the nature of a footnote to Lucas’s (1973o) important 
critique of econometric policy evaluation Lucas emphasized the critical 
invariance assumption behind the usual argument for rules with feedback 
and showed how that invariance assumption fails to hold in models with 
rational expectations As extreme examples of how wrong the standard 
invariance assumption could be, Lucas (1972) and Sargent and Wallace 
(1975) have constructed particular structural models in which one 
deterministic rule is as good as another, so that the standard proof of the 
suboptimality of Friedman’s rule fails spiectacularly in those examples 
Those examples were dependent on particular structural setups The 
point of this note is that, for any estimated reduced form, there is an 
invanance assumption which if imposed delivers the conclusion that one 
determimstic rule is equivalent with any other In effect, then, this note 
displays some mechanical equivalencies that force one to stumble upon 
Lucas’s observations about the limits of the usual applications of optimal- 
control theory to macroeconometric models 

A casual reader of Marschak’s classic paper (1953) would perhaps 
regard my major contention—that reduced forms alone cannot settle the 
policy-rules controversy—as being obvious However, applications of 
optimal control to macroeconometric models do purport to extract 
implications about the optimal feedback rule solely from estimated 
reduced forms 

For simplicity, I deal with a bivariate model I assume that during the 
estimation period, two variables,_>>, and m„ were described as a realization 
from a stationary, indeterministic stochastic process The variable y, 
measures some “goal” variable like unemployment or GNP The variable 
m, represents a potential policy instrument I assume that during the 
estimation period m, was exogenous with respect toy, and that m, caused 
y,, m Granger’s sense (1969) This means that the {y, m) process can be 
represented in the particular (Wold) moving average form* 

y, = «(£)«, + P{L)ri, (la) 

tn, = (Jb) 


‘ The paper by Sima (1972), especially hia appendix, provides a useful aunimary of the 
itatutical theory used here 
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■where 

CO 00 

<L) = X! 

7-0 7=0 

and 

y{L) = E 

7-0 

Z. IS the lag operator {L’x, = r,_,), and t\, and e, are mutually un- 
correlated and serially uncorrelated random variables with means of zero 
and finite variances and a^, respectively (I have omitted constants and 
any deterministic terms from representation [1], which can be included 
without affecting the argument) ^ 

The assumption that the Wold representation has the triangular form 
of (1)—that is, the assumption that m is exogenous and “causes” —means 
that under one pretty general additional condition, a final-form regression 
of> on m can be consistently estimated by least squares In particular, 
suppose that y{L) is invertible so that m, has the autoregressive repre¬ 
sentation y‘’(Z.)m, = e„ where y~'(L) is a one-sided polynomial in the 
lag operator L Substituting the above equation into (la) gives 

y, = a(L)y''(L)m, + PiL)rj, (2) 

y, = h{L)m, + 

where k{L) = a{L)y'‘(L) is a one-sided polynomial m the lag operator 
L Equation (2) is a “final form” for^' in terms of m and is consistently 
estimated by least squares, since the tj, process is orthogonal to the m, 
process TVssummg that P(L) has a one-sided inverse, the “reduced form” 
for^, can be obtained as^ p{L)~^y, = P(L) 'h{L)m, -I- tf„ or 

00 PC 

^, = E 2 ^.I'l-i-i + 'll’ 

1 = 0 1-0 

where 

a{L) = E<t,L' = p{Lr'h{L) 

I ■ 0 

and 


> I will alKi aMume that « and n arc muiually and serially independent, which faciliutes 
the computation, below but i. not e»em.al Abandoning that f 
replacing mathematical expectations with linear leasi-squam forecasts at «veral poi 
below With that repUcement, my argument would go ihrough 

* I am a»uming that fi{L) and are nonnal.zed lhat /to = 1. which .mpl.es .hat 

the zero-order coefficient of ’ i» also unity 
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The reduced form (3) expresses m terms of current and lagged m’s and 
lagged ^’s with a disturbance that is serially uncorrelated and orthogonal 
to the variables on the right-hand side of the equation. Thus the reduced 
form (3) can be consistently estimated by least squares. 

Wnte (3) as 

y, = a(L]m, + b(L)y,_i + n,. (4) 

It is now easy to illustrate the elements of the usual argument that it is 
optimal for the policy authority to set m via a rule with feedback from 
lagged >’s to current tn Suppose that the authority’s goal is to set m in 
order to minimize the variance of y. Suppose that the parameters of the 
reduced form (4) will remain unaltered when the authority abandons 
(lb), which described policy during the estimauon penod, and implements 
a new feedback rule (Suppose also that a{L) has a one-sided inverse under 
convoluuon, which is not really necessary but rules out unseemly 
“instrument instability” problems ) Then it is straightforward to show 
that the authority would minimize the variance ofy by using the feedback 
rule 

a{L)m, = -b{L)y,.„ (5) 

which is a rule for setting m, as a function of lagged m’s and lagged ^y's 
In general, some of the b/s are not zero, so that it is optimal for the 
authority to incorporate feedback from lagged _>’s to m, presumably to 
“lean against the wind ” So a rule without feedback is suboptimal 
As Lucas (1973A) has emphasized, a key assumption in the above 
argument for rules with feedback is that the parameters of the reduced 
form (4) remain unchanged when the authonty abandons the rule used 
during the estimation period and uses a new one Lucas argued that if 
the reduced form incorporates the influence of people’s expectations, and 
if expectations are formed in a well-informed or “rational” way, that 
assumption is not appropriate Here I point out that there always seems 
to be an interpretation of the reduced form (4) which completely vitiates 
the preceding demonstration of the superiority of rules with feedback 
I begin by noting that from (lb) y,£, = m, — where 

IS the mathematical expectation of m, conditioned on past m’s and past 
_>'’s In this case, since m is exogenous in the estimation period, lagged ji’s 
don’t help explain m once lagged m’s arc taken into account, so that in 
the estimation period fj.im, = £(m, | m,_,, m,_ 2 , )>r-i>>'»- 2 > ) “ 

E{m, I m,_,, m,_ 2 , ) The random variable y,e, is the “innovation” of 

m,—the part that can’t be predicted on the basis of past m’s (or pastry’s) 
Now substituting e, = (l/y,)(m, — into (la) and rearranging 

gives ^(Z.)■ = (l/yJ^(L)"‘a(L)(w, - f.-jm,) + r/,, or 


y, = - E,_^m,) -t- *(/.)>,_, + »j„ 


( 6 ) 
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P(L) ‘a(Z,) <r: c(L) = ^ C,L‘, 

and where b(L) is as defined under (3) * Equation (6) is an alternative 
version of the reduced form that is equivalent with the version (3) or (4) 
from the point of view of representing things during the estimation 
period Notice that (4) and (6) have identical residuals and so fit equally 
well 

If we assume that the reduced form (6) remains unaltered when the 
authority abandons (I b) and adopts a deterministic feedback rule giving 
m as an exact function of past m's and paste’s, a strong sort of “neutrality” 
result emerges For under any deterministic feedback rule, say one of the 
form 

m, = + + r,y,.^ + r^y ,-2 + . (7) 

It is true that 

= m„ (8) 

identically in t Substituting (8) into (6) gives= b[L)y,^i + which 
IS an autoregressive representation for^ that holds regardless of the values 
of the particular parameters r,, jj, r„ r,, of the feedback rule (7) 
selected by the authonty The assumption that it is the reduced-form 
representation (6) that remains unchanged as the policy rule is altered 
leads to the conclusion that one deterministic feedback rule is as good as 
any other There is thus no reason to expect that the authonty can do 
better than it can by implementing the x-percent growth rule recom¬ 
mended by Friedman 

The preceding “neutrality” demonstration rests on the arbitrary 
assumption that it is the reduced-form representation (6) that remains 
unaltered when the authonty institutes a new policy rule outside the 
estimation period Of course, the earlier demonstration of the sujjcnority 
of a rule with feedback depended on the equally arbitrary but different 
assumption that it was the reduced-form representation (4) that remained 
unchanged from the estimation penod even once the new pohey rule was 
instituted From the viewpoint ofcxtracung policy imphcauons, assuming 
mvanance for the reduced-form representation (4) or (6) thus gives 
drasucally different implications Yet, from the point of view of 
representing the reduced form dunng the estimation penod, (4) and (6) 
are exactly equivalent This is what leads me to the conclusion that the 
empirical evidence from a single esumation penod alone, which can be 

* Noucc lhat c{L){m, — E,.,m,) = Coli", — £,-11",) + — £i-ini-i) + 

fiCaii-j — £,+ 
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completely summarized by (4) or (6) and an autoregression for m, can 
never settle things between advocates of rules with feedback and advocates 
of rules without feedback 

Perhaps this could be dismissed as a mere curiosity if macroeconomists 
ag^cd that as between (4) and (6) one of these ways of writing the 
reduced form is much more likely to remain unchanged when policy 
changes The problem is that there is no such agreement. While m the 
past most macroeconomists have regarded (4) as invariant under changes 
in the jxihcy rule, that assumption depiends critically on the assumption 
that peoples’ expectations are formed using fixed-weight, autoregressive 
schemes that in general are not “rational ’’ Lucas (19734) has argued 
forcefully against that assumption, but it remains true that the assumption 
still underlies most macroeconomctnc policy evaluation and is an 
essenual element of most applications of control theory to macroecono¬ 
mctnc models On the other hand, reduced-form representations 
resembling (6) are supposed to be invanant under changes in the policy 
rule according to some structural macroeconomic models incorporating 
rational cxpiectations and Lucas’s (1973fl) formulation of the aggregate 
supply function * In such models, current and maybe lagged innovations 
in the money supply are what agents respond to 

The upshot is that the invariance of neither (4) nor (6) to changes in 
the policy rule would now command a concensus among macrocconomists 
The current state of macroeconomic theory seems to me to be very far 
from supplying a reliable basis for ruhng out one of these invariance 
assumptions in favor of the other For that reason, I believe that the 
observational equivalence of (4) and (6) provides some cause to be 
circumspiect about economists’ ability to be sure that rules with feedback 
clearly dominate rules without feedback (or vice versa) 

The reader may wonder whether my assumptions that m is exogenous 
with respect toy and that m causesin effect ng things m the preceding 
argument They don’t Those assumptions were made to guarantee that a 
_y-on-m reduced form was identifiable and estimable The cstimability of 
such a reduced form is a sine qua non for the usual argument that rules 
with feedback dominate rules without feedback One alternative set of 
assumptions would have been that y and m caused each other, so that 
there was mutual feedback between y and m Only under special 
circumstances, an instance of which is analyzed in Appendix B, is a 
y-on-m reduced form identified in a system with mutual feedback As 
Appendix B illustrates, for systems with mutual feedback that arc 
identifiable through a pnon restrictions, there obtains the same 
observational equivalence as analyzed in the text Another alternative 
assumption would have been that y was exogenous with respect to m in 


’ For example, lee Sargent and Wallace (1975) 
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the estimation period. I have elsewhere advanced the notion that the 
hypothesis of exogeneity of certain goal variables;- (e g , unemployment) 
with respect to certain policy instruments m (c g, the money supply) is a 
naive, model-free way of stating the natural-rate hypothesis * Exogeneity 
of;- with respect to m can readily be shown to be compatible with the 
notion that one deterministic rule is as good as any other on a certain 
invariance assumption On the other hand, it is straightforward to show 
that an alternative invariance assumption could be imposed that would 
imply that Friedman’s rule is suboptimal This is shown in Appendix A 
The present argument only shows how reduced forms estimated for a 
given sampling interval (1 e, quarterly or monthly) over a given 
esumation period cannot settle the policy-rules controversy, That does 
not mean that there is no way that empirical evidence can be brought 
to bear on the question Presumbly, by estimating reduced forms for 
various subpcriods or countries across which policy rules differed 
systematically, light can be shed on what way of writing the reduced form 
remains invariant ’ Alternatively, by studying data more and less finely 
aggregated over time, different implications of our two invariance 
assumptions might be extracted and tested Both of these paths involve 
considerable subtleties V^ery little satisfactory evidence has yet been 
assembled along cither path 


Appendix A 

How '‘Classical” Models Can Be Interpreted in ‘‘Keynesian” 
Ways 

This Appendix illustrates how, for classical models in which real variables are 
economelrically exogenous with respect 10 policv sanables, there is a way of 
writing the reduced form which, if invariant under rules changes, implies that 
rules with feedback are optimal fherefore, evidence lhai real variables are 
economelrically exogenous with respect to policy variables, which 1 have argued 
(Sargent 1976) is a strong, model-free wav of stating the naiural-ratc hypothesis, 
has ''classical" policy implicaiions on one kind of invariance assumption but doa 
not on another 7 he argument m this Appendix 1 $ ihus ihe other half of ihc obser¬ 
vational equivalence dilemma, since here I start with a model originally thought 
to be very “neutral” or classical and produce an invariance assumption that 
rationalizes rules with feedback 
Consider a "struclural" model of the form 


m, - £,_,m,) + «,, y > 0 

(Al) 

m, = 

(A2) 


• See Sargent (1976) 

^ Lucas’s (1973ii) inlemauonal comparisons provide an rxcelleni example of this 
approach 
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where 

HL) = 

Ji(L) and d(Z) both have one-iided inverse! under convolution, and u, and c, are 
mutually and serially independent random variables with means of zero and 
finite variances The model (A1)-(A2) is a two-variable example of the “classical” 
model described by Sargent (1976) Here mnovations in m (money) produce 
sympathetic movements inj>. In this model, is exogenous with respiect to m, and 
m 1 $ exogenous with respect to> Though and m are correlated, neither one 
helps predict the other To see that m is exogenous with respect to^, notice that 
(A1) and (A2) can be rearranged in the triangular Wold representation, 

y, = 2-‘(X.)y<4e, + A“‘(Z.)u, (A3) 

m, = d{L)e„ (A4) 

the existence of which shows that m is exogenous with respect to y by virtue of 
Sims's theorem 1 To see that is exogenous with respect to m, observe directly 
from (Al) that 

CO 

1 - 1 

which shows that m does not help predict y once lagged y's arc accounted for 
Alternatively, rewrite (A1)-(A2) as 

y, = X-HL)w, (AS) 

m, = d(L)^w, + </(£){„ (A6) 

where w, = yd^e, + u,, and and ^ obey e, = ^iv, + £((,ju>,) = 0 

(^ IS the regression cocilicient of e, against w„ (, being the residual) Since is 
orthogonal to w, and since both are serially uncorrelated by construction, it 
follows that (A5)-(A6) is a Wold representation for the (y, — m,) process The 
existence of such a triangular Wold representation establishes that^ is exogenous 
with respect to m, again by virtue of Sims’s theorem 1 

Inverting (A4) and substituting it into (A3) delivers X(L) y, = yd^d(L) “ *m, + ii„ 
which IS a_)i — on — m reduced form which is consistently estimated by least squares, 
smee u, 13 orthogonal to lagged y’s and current and lagged m’s This is exactly 
the form of reduced form manipulated and assumed invariant under alternative 
policy rules in the proof that Friedman’s rule is suboptimal. 

If the reduced form (A1) is mvanant under rules changes, then one deterministic 
rule IS as good as any other. Thus, there are alternative ways of deriving policy 
implications from empincal evidence generated by a “classical” model like 
(A1)-(A2) Depending on what sort of invariance assumption is imposed, drastic¬ 
ally difierent inferences follow about the implications of different feedback rules 

Appendix B 

Obaervational Equivalence in the Preaence of Feedback from 
ytom 

Suppose that during the estimation period theji—m process possessed the vector 
autoregressive representation 

J't “ aW.J'i-i + *W"»r-i + e, 

+ u„ 


(Bl) 

(B2) 
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"(i) = ^ ajL^, 

j~a 

etc,, and e, and u, are serially independent random variables with means zero and 
finite variance. In general, E{e,u,) # 0, although it is easy to prove that E{e,u,) = 0 
for t ^ s. The last equality follows because, for example, u is the residual m a 
projection of m on lagged m’s and y's and so is orthogonal to them Since lagged 
u's and e’s are linear combinations of lagged ji’s and m's, it follows that current u 
IS orthogonal to lagged u's and e’s Here e, and u, are the one-step-ahead predic¬ 
tion errors for y, and m„ respectively, both predictions being conditional on lagged 
m’s and laggedji’s Consistentwith usual usage, by a_)i—on - m reduced form I mean 
a regression of> on past jr’s and currenrand past m’s Analogously, by a m —on-ji 
reduced form I mean a regression of m on past m’s and current and past y't For 
a system with probability distribution characterized by (B1)-(B2), the implied 
pair of>—on — m, m — on—_)i reduced forms is identifiable only if suflicient a prion 
information is imposed on the covariance between the disturbances in the two 
reduced forms and on the contemporaneous coefficient in either thc^ —on —m 
reduced form or the m —on-ji reduced form Here I will impose the restrictions 
that there is no contemporaneous feedback from y to tn and that the reduced- 
form disturbances are contemporaneously orthogonal These restrictions serve 
to identify the y-m feedback structure In particular, (B2) gives the “feedback 
rule” that governs m in the sample period To find ihc^-on-m reduced form in 
terms of the parameters of (BI )-(B2), first project c, on u, to get the decomposition 
e, = pu, + (J,, E(i, u,) = 0, p = Eu,e,IEu,^ TTien subtract pm, from (Bl) 
and rearrange to obtain 

y, = ME) - pc{L)]y,_i + pm, + [1>(L) - pd{L)]m,.i + (B31 

Equation (B3) is a^-on-m reduced form with a disturbance that is orthogonal 
to the regressors and also serially uncorrelated Hence, the parameters of (B3) 
will be consistently estimated by least squares Notice that (B2) is also con¬ 
sistently estimated by least squaics 
Write (B3) more compactly as 

y, + g{E)m, + (B3') 

where A(L) = a(T) - pc{L), g(L) = Ip + l\b(L) - pd{L)]} 

Then solve (B2) for m, in terms of lagged v’s and current and lagged ii’s 
m, = [1 - Ld\L}]-U{L}y,., + [I - U(L)]~'u, Substituting this for m, in (B3') 
gives>, = {h{L] + g(Z.)[l - U{L]]~'cyL\ \y,_, g(f.)[l - Ld(L)\~'u, + or 

>, = '(^).Vi-i + - £,_!>",) + ii. (B4) 

where i(/,) = {A(T) + g(/.)[l - dL{L)]~'c{L) ], j[L] = g(f-)[l - and 

ij, IS orthogonal to lagged ys and current and lagged us (i c , [m, — i, _ im,] s) 
So (B4) IS consistently estimated b\ least squares 

Now (B3') and {B4) have identical residuals and thus are observationallv 
equivalent The argument in the text thus goes through for this system 
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Measuring Gains and Losses 

George W McKenzie 
Umuemty of Seuthampion 


In the literature of applied welfare economics, two related questions have 
attracted widespread interest (!) Under what conditions is it possible to 
construct a monetary measure of gams or losses accruing to individual 
consumers when there is only incomplete knowledge of their preferences^ 
(2) Under what conditions is it possible to consistently aggregate such 
welfare indicators for a group of consumers so as to make meaningful 
statements about the effects of alternative social states on that groups 

Recently McKenzie and Pearce (1976) proposed a new procedure for 
ranking alternative projects and policies which does not require any a 
priori restnctions to be placed on consumer preferences It is based on 
information which is, in pnnciplc, observable And it can be shown to 
be more accurate than cither quantity variations or approximate 
consumer surplus measures 

The purpose of this paper is to extend this approach in a number of 
directions First, I show that our indicator is equal to the equivalent 
variation Then conditions are developed for aggregating the measure 
across a heterogeneous group of individuals and for constructing an 
aggregate equivalent variation 


1. Outline of the New Approach 

Let us represent the preferences of the rth consumer by the indirect 
function 


U, = U,[d>,(/.„ Az. 


(1) 


where U, is some monotonic transformation of the function F, is the 
rth individual's income, and p^ is the price of the ith commodity A change 
in satisfaction can then be represented by the Taylor senes 




( 2 ) 


[Jmrmt i/ Htuuml luwipny, 1976, vqI 04 do 3) 
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where represents the remainder associated with an nth-order approx¬ 
imation. 

It IS well known from the conditions for maximizing (1) subject to a 
budget constraint that the various derivatives m (2) can be rewritten as 
functions of quantities, prices, income effects, their higher-order deriv¬ 
atives with respect to prices and income, and the marginal utility of 
money, A, All of these are, of course, evaluated at the initial values of 
Yf and the pi 

Now the key to the new approach is as follows As we have shown 
elsewhere, it is possible, without any loss of generality, to choose a 
monotonic transformation U, of such that the initial values of its 
derivatives with respect to income d‘Xldy‘ (1 = 1, , n) all equal zero. 

This then enables the remainmg derivatives of A to be expressed in terms 
of price and income effects, and hence for all traces of the marginal 
uUlity of money to be eliminated from (2) 

The expressions for the initial values of the various first- and second- 
order derivatives of the utility function can then be wntten as 


dpfdpj 


dpjdY 

dX^ _ 

dpj 


at/. 



(3) 

epi 




II 

<01 



(4) 





= 0, 
ar; 



(5) 

_ _ 

aA, 


(6) 

ar. 

dp/ 


- = - 

dX,, 


(7) 

dpj 

dpj 

ar. 


where A',, represents the amount of commodity t consumed by individual r 
Then, by substituting (3)-(7) into (2), we obtain 

AC. . - E - i ^ ^ (Hi. - A,,A^, 

+ - E ^ + +K 

Gamed to an infinite number of terms, this procedure enables the 
construction of an exact cardinal representation of an ordinal consumer 
preference function Obviously, such a calculation is not practicable 
However, the change in the cardinal indicator can be approximated to 
any desired degree of accuracy by adding higher-order terms to the 
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second-order approximation contained in (8) ‘ This procedure offers 
scope for greater accuracy than cither quantity variation or consumer 
surplus indicators, at the same time reqiunng, as they do, knowledge of 
consumer demand functions Now let us examine how this measure can 
be interpreted 


2. The Equivalent Variation 

Suppose that prices and income vary in such a way that consumer 
satisfaction is altered by some amount, F, which has been calculated from 
equation (8) This same change in satisfaction can also be achieved if 
prices arc held constant but income is changed by a sufficient amount, 
say Ay* Thus, the change in individual r’s satisfaction can also be 
represented by 


AC, . C, . 1^- AC + i (AO- + 0 (AC)' + 


= MF,* -t- (AF,*)^ 

2dF, '' 


+ (Ar*)3 

6clF,^ ' 


+ 


+ R 


/> 


(9) 


where R* is the remainder association with the nth-order approximation 
However, the approach described in Section 1 involves a monotomc 
transformation such that the initial value of A equals 1 and the initial 
values of all d‘?ldY‘ equal 0 Thus, the change m satisfaction (B) equals 
AF*, the equivalent variation In other words, we have created a cardinal 
representation of an ordinal preference function where that rardinal 
representation can be expressed in terms of dollars or other appropriate 
units of currency 


3. Community Behavior Functions 

The previous discussion has been earned out solelv in terms of the case 
of a single individual From a practical viewpoint, sufficient data arc 
obviously not available to undertake calculations on such a basis 
Therefore, it is necessary to seek conditions under which aggregative 
information about a particular group of individuals can be meaningfully 
interpreted In the following discussion, I shall follow the dichotomy 
adopted by Pearce (1964) First, I examine the purely technical problem 
of determining those conditions under which we can construct an 
approximation, analogous to (8), on the basis of a rommuniiy behavior 
function I then turn to the conditions under which policy implications 
can be meaningfully drawn from sucli an aggregative measure 

’ The magnitude of the remainder associated with any order approximation depends, 
of course, on the magnitude of variable changes and the size of the parameters of ihc 
consumer demand funciioru 
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As 1 $ well known, it is in general not possible to construct a community 
behavior function possessing ail the properties of individual preference 
functions As Pearce has shown (1964, p 188), provided the latter exist 
and the distribution of nominal money income remains unchanged, a 
necessary and sufficient condition for such a commumty behavior fimction 
to exist IS that 



where 

E = ^1. 

r 

= y. 

and 

Mi = I, yrmjsY,) 
dY Y 

If this IS the case, the community behavior function can be maximized 
subject to an aggregate budget constraint to obtain first-order conditions 
analogous to (3) and (4) Higher-order dcnvatives can be calculated and 
a monotonic transformation chosen such that all traces of the community 
version of the marginal utility of money disappear Movements from one 
community behavior surface to another can then be represented by an 
indicator analogous to (8) where the price and income effects arc now 
those associated with aggregate demand functions 

It IS now appropriate to examine the welfare significance of this 
procedure If the preferences of all individuals in the group under study 
are identical and if no redistribution of income is involved, then there is 
no problem An increase in the aggregate measure indicates that everyone 
has gained However, if preferences are not identical, there arc sigmficant 
difficulties Suppose that the proposed indicator reveals that there has 
been a move to a higher social behavior surface In the process of the 
move, some individuals may have gained whereas the piosition of others 
may have deteriorated However, provided that (10) holds, incomes 
could be redistnbutcd m such a way as to make everyone better off An 
improvement in the aggregate indicator is thus a necessary but not a 
sufficient condition for an improvement in social welfare The income 
redistribution would also have to be carried out 


4. The Aggregate Equivalent Variation 

In Section 2, the welfare indicator for an individual 1 $ interpreted as a 
money measure, the equivalent variation If we wish to do the same 
for the aggregative version, it is necessary to impose the *‘adding-up” 
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condition that the stun of all individual equivalent vanations equal the 
value of the measure obtained on the basis of information about the 
aggregate demand functions 

Returning to equation (8), we determine that aggregation of the 
second-order approximation of the equivalent variation requires that 


T.’‘- 




But for this to be the case. 


E y dXjf _ 

" dv, ~ V V 7 ay, ’ 


(11) 


( 12 ) 


which implies identical Engel curves for all consumers It is immediately 
seen that (12) is sufficient but not necessary for (10) to hold An exam¬ 
ination of higher-order terms reveals no further restrictions The cal¬ 
culations which are tedious and space consuming, but which involve no 
further points of principle, are left to the reader to work out 

Even if individual consumer preference functions do conform to the 
condition imposed by (11), we must still face the fact that a move to a 
higher social behavior surface may involve some individuals gaming while 
others lose The caveats of the previous section sull hold Nevertheless, 
there is an interesting, though still limited, interpretation which can be 
given to the aggregate equivalent variation 

Suppose that we are considering a particular project costing the 
authontics X dollars per year Suppose also that this project generates 
an aggregate equivalent variation of Y dollars per year The key pomt 
is that the distribution of money income will be the same whether the 
project IS undertaken or the equivalent vanation is paid out Thus, the 
aggregate equivalent variation can be considered to be the opportunity 
cost of undertaking this project ^ If Y were less than X, it would be 
cheaper to pay individuals rather than to undertake the policy 

It should be noted that this discussion has not involved the assumption 
of homothcticity The reason for this is that we are concerned with 
companng alternative social states only with the current, existing situa¬ 
tion Consider three social slates the existing one A and two alternatives 
B and C The procedure described here enables us to calculate the 
equivalent vanations necessary to achieve the same level of satisfaction as 
these two alternatives However, we do not require that the difference 
between these two numbers should also equal the equivalent vanation 
associated with moving from B to C or vice versa Practical considerations 
require simply that we be able to rank alternatives with respect to the 
current situation 

' Thu mtrrpreution would strm to be in the spirit of Harbei^r’i "third postuUte" 
for applied welfare economics {1971, 1974, p 3) 
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As shown above, the proposed indicator is expressed in money terms 
This suggests a practical criterion for limiting the order of approximation 
being undertaken A cost of utility index YjU can be constructed using 
current money income as the base for companion Since index numbers 
are typically calculated to the nearest percentage, we could continue to 
add highcr-ordcr terms to the approximation until there arc no further 
changes in the index While arbitrary, such a criterion is fairly realistic, 
since It IS not likely that the underlying data being used can really be 
considered accurate beyond two or three digits 
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The Effects of Property Taxes and Local 
Public Spending on Property Values: 

A Theoretical Comment 

Bmcc W Hamilton 

Johtu Hopkitu Ununrstty ami Urban IruMuU 


In a recent article in this Journal, Wallace Oates (1969) offered an 
empirical teat of the Tiebout hypothesis Oates measured the importance 
of local fiscal variables, such as property tax rates and pubhc school 
cxjjenditure, in determining residential choice by observing the effect of 
these variables on residential property values in a cross-section of com¬ 
munities in northeastern New Jersey He of course corrected for other 
determinants of property values such as distance from New York City 
and average income of residents 

Oates found property values to be positively correlated with public 
school expenditure and negatively correlated with the equahzed local 
property tax rate Also, he showed that, when reasonable values of the 
variables are chosen, an increase in the property tax rate and a con¬ 
comitant increase in public school expenditure give nse to only a 
negligible net change in property values These results, Oates claims, 
give strong support to the Tiebout hypothesis consumers do rccogmzc 
fiscal differences between communities with unusually attractive features 

The Oates paper leaves the impression that consumer responsiveness to 
local fiscal variables must necessarily, in a system of independent com¬ 
munities, lead to a correlation between fiscal variables and property 
values similar to that which he has observed in New Jersey But this is 
incorrect The Oates test rests on the assumption that a lax or benefit 
haven (collectively referred to here as a “fiscal haven”) * will earn a rent, 
as reflected by higher housing prices In the long run, only goods produced 

‘ Note that a fiscal haven cannot be created or maintained except by using some form 
of land-use restriction, such as zoning A low-tax-rate, high-pubhc-expenditure com¬ 
munity II a contradiction in terms unless the community has a higher than average tax 
baa But the tax base is determined by residents’ bousing consumpuon In the absence 
of land-use reitnctions, people with below-a\erage demand for housing will move into 
fiscal havens, thus driving down the tax base and destroying the fiscal haven in the process 
I have examined the role of zoning in a Tiebout-type framework at length elsewhere 
(1972) George Peterson (1972) offers both theoretical and empirical evidence that land- 
use restnctions play a significant role in the system of communiues examined by Oates 

{.Jmmml hthtunl 1976, vol 64, no 3) 
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under increasing cost can earn a rent. The extreme case, of course, is a 
good in perfectly inelastic supply, such as land 5 miles from Manhattan. 
Such land will earn a scarcity rent due to its access to New York. But I 
see no reason why a second community with a given set of fiscal character* 
istics cannot be created as cheaply as the first The scarcity of land is a 
problem common to all commumties and should not influence the relative 
cost of creating various kinds of commumties 

The point now is quite simple Land at a given distance from the city 
center (more generally, the land containing a given “amount” of a 
nonrcproducible, desirable characteristic) will, in equilibrium, be 
allocated among competing activities in such a manner that all such sites 
earn the same rent If one site earns more rent than a second identical 
site, the activity on the first site will expand at the expense of the activity 
occupying the second site until the rent discrepancy is eliminated 

But if all sites at a given distance from Manhattan earn the same rent 
(i c , have the same value), then distance from Manhattan should explain 
all the vanation in property values, and there will be nothing left to be 
cxplamed by fiscal variables ^ 

Oates’s finding of a significant correlation between fiscal variables and 
property values must be due to one of the following two factors ( 1 ) a 
disequilibnum in which there is a temporary shortage of fiscal havens, or 
( 2 ) persistent systematic differences in production functions either for 
raising revenue* or producing public services * 

In the latter case, the consumer pays a site rent attnbutable to whatever 
natural or locational advantages the site may have, and he pays an 
addiuonal rent in order to gam access to the nonrcproducible efficiency 


^ This refers to the price of a “unit” of raw land, whereas the dependent variable in 
the Oates paper is the value of property consumed by the avera^ homeowner in a 
community which includes the coat of the capital attached to a piece of land But since 
the price of capital is determined in a naUonal market, it should not vary with local hacal 
variables any more than the price of land (There are, of course, interregional differences 
in capital coats, but we are concerned here with inteounsdictional comparisons within a 
given urban area ) Abo, given the price of land and capital, the value of property con¬ 
sumed depends upon the amount purchased, which m turn presumably depends upon 
the income of the household So variables such as income, which are arguments in the 
demand function for housing, should be correlated with house values But fiscal variables, 
which in the long run, do not influence the prices of the inputs into housing should not 
m the long run be correlated with bouse value 

^ One argument in the production function for raising revenue is the commumty's 
industrud tax base (assuming the industry generates more revenue than cost), another 
is the commumty’s access to stale and federal revenue 

* One important source of systematic intcijunsdictional differences in production of 
public services may anse in public education It has been suggested that the efficiency 
of a public school system depends heavdy upon who is being educated The children of 
nuddlc-class families are more easily (and cheaply) taught than are the children of the 
poor. Thus a high-income conunimity can produce education more efficiently than can a 
low-income coramumty and is able to command a rent based on the nonreproducible 
efficiency of its production function 



OOlOiONICATIONS 

of the local government’s production This situation is completely 
analogous to the case of a single firm in an industry which is more 
efficient than lU competitors As long as this situation prevails, the firm 
will earn a rent. 

The disequilibrium explanation is also straightforward Due, say, to 
rising income levels or particular net migration flows in an urban area, a 
relative shortage of a given type of community occurs The immediate 
impact of this is a rise in property values in the scarce communities Thus, 
a rent difference will persist until property owners have shifted enough 
land into the scarce activity to eliminate the difference 

It IS not necessary that the communities in short supply be fiscal 
havens, although that happens to be the case in the Oates sample There 
could just as well be a shortage of low-cxpenditurc communities, in which 
case property values in these communities would be bid up, and the 
public school expenditure variable in an Oates-type regression would 
have a negative, rather than a piositive, coefficient This is completely 
analogous to the inevitable rise in the price of low-quality housing in the 
wake of slum-clearance programs 

The paradoxical conclusion that “fiscal slums” might earn a rent is 
readily explained once the role of land-use restrictions is recalled Access 
to fiscal havens is restricted to those who are willing to purchase at least 
some minimum amount of property Fiscal slums, characterized by high 
tax rates and low public expenditure, are chosen by some (presumably 
the poor) instead of fiscal havens, characterized by low tax rates, high 
public expenditure, and stringent land-use rcstnctions Fiscal havens 
would undoubtedly be chosen by everybody if location in fiscal havens 
were not tied to minimum property consumption Since fiscal slums are 
demanded by some people, a reduced supply of sites in fiscal slums can 
cause the remaining sites to earn a rent in the short run Such a set of 
results IS exactly opposite to what Oates found, but, as we have seen, 
completely consistent with consumer sensitivity to fiscal vanabics 

We have seen that a/y set of coefficients on fiscal variables is consistent 
with fiscal sensitivity of consumers, it all depends on which activities are 
in short supply But there is only one set of coefficients which is consistent 
with consumer insensUwtly to fiscal variables, namely, a complete lack of 
correlation between property values and fiscal variables 'If consumers 
are insensitive to these variables, there is no way the variables can in¬ 
fluence property values 

The Oates test, then, docs w'hat he claims for it, it rejects the hypothesis 
that consumers ignore local fiscal vanabics when making their location 
decisions However, it should be pointed out that the Oates results do not 

* Such a lack orcorrclation ii also consuieni with sensitmty to fiscal variables when the 
system is m long-run equilibrium So a lack of correlation between house value and local 
fiscal variables cannot be taken as a rejection of ihc riebout hypothesis 
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follow necessarily from the Tiebout hypothesis and that theare is no reason 
to expect his results to be reproducible using other samples. Indeed, 
Henry Pollakowski (1973) has attempted to reproduce the Oates results 
using data from the San Francisco Bay area, with mixed results. I expect 
that the reason for the difference between the Pollakowski results and the 
Oates results lies not in the superior intellect of northeastern New Jersey 
homeowners, but rather in differences (between New Jersey and the San 
Francisco Bay area) in important short-run supply variables (such as 
rates of net migration of various mcomc classes), which were omitted from 
both studies 


References 

Hamilton, Bruce W. “The Impact of Zomng and Property Taxes on Urban 
Structure and Housing Markets.” Ph.D. dissertation, Princeton Univ., 1972. 

Oates, Wallace E “The Effects of Property Taxes and Local Public Spending 
on Property Values An Empirical Study of Tax Capitalization and the 
Tiebout Hypothesis’* J PE 77, no 6 (November/December 1969) 957-70. 

Peterson, George E. “The Use of Capitalization Effects to ‘Test’ the Tiebout 
Hypothesis.” Working Paper no 1207-4, Urban Inst., 1972. 

Pollakowski, Henry O. “The Effects of Property Taxes and Local Public Spending 
on Property Values A Comment and Further Results ” J.P.E 81, no 4 
(July/August 1973) 994-1003. 



Book Reviews 


QmntttaUve Models 0 / Commodity Markets Edited by Walter C Labys. 
Cambridge, Mrm Ballinger Publishing Co , 1975 Pp xxi + 404 $15 00 

This book, the first in a projected series on commodity modeling, is a collection 
of 11 studies that investigate important primary commodities, illustrate different 
approaches to quantitative market modeling, and employ recent dcvclopmcnls 
in the field Eight of these studies were previously unpublished Introductory and 
concluding chapters on modeling methodology and possibilities for future research 
provide a frame of reference for the different studies There is also a bibliography 
of 241 market models for 66 commodities According to Labys, the book should 
inform model builders of new techniques, show economists how important markets 
work, and convince policymakers of the value of quantitative models I think 
the book provides a good survey of current market modeling that will interest 
econometric model builders But the book sheds little light on how the markets 
work or on current commodity problems 

The market models for copper, coffee, cocoa, livestock, sugar, lauric oils, and 
fish take a supply and demand approach Linear programming is used to model 
the petroleum industry and gram-livestock trade in the European Economic 
Community Econometric techniques in these studies range from ordinary least 
squares to full information maximum likelihood—ordinary least squares and 
two-stage least-squares are most common Other quantitative techniques used 
are stochastic control, stochastic simulations, and systematic tests ol models’ 
predictions 

The most interesting papers arc a study of copper by Franklin Fisher, Paul 
Cootner, and Martin Baity and a study of sugar by Clifford Wymer The essay 
on copper estimates supply, demand, and stockholding for major producing and 
consuming nations and then investigates how government control of Chile's 
copper production could affect ihe industry’s revenue Besides presenting a good 
market model that takes account of substitutes for copper, short-run, and long-run 
distinctions, and certain peculiarities of the world copper market, the paper 
employs advanced econometrics Ihe essay on sugar presents an econometric 
technique for estimating continuous time models with discrete data Continuous 
time is often most appropriate or convenient for iheorctical analysis of price 
adjustments and disequilibrium, so it is tmporiaiit to develop techniques for 
testing implications from such models The mode) of the world sugar market is 
used to illustrate the econometric technique and is not developed in much detail. 
Nevertheless, it includes the futures market for sugar and interaction between the 
spot and futures markets This approach could be useful for empirical work 
investigating the effects of futures trading 

A striking feature of this volume is the nonfunctional role that many authors 
assign to market prices Yearly demands for gasoline arc specified as zero clastic, 
and prices aic determined by a markup over cost We arc told that widely 
fluctuating cocoa prices cannot provide accurate signals for resource allocation. 
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dychotoRiy between the comparative stauc and the ihort-run dynamic ap¬ 
proaches. Statistical purists ought object to the lack of interequation constraints 
which arise from the production function. Finally, data purists might object to 
the authors’ capacity utilization measure. All these critical points have some 
validity and undoubtedly they have already prompted several term papers or 
Pb.D duscrtatimis But it seems most unlikely that such relatively minor changes 
m theoretical and statistical procedure would alter the authors’ main message. 

This study by Nadiri and Rosen is an important contribution to the development 
of factor demand models, not so much beuuse of its positive results as because of 
Its failure to generate satisfactory evidence of factor substitution in response to 
mput price changes Their positive results, namely, that there are accelerator>type 
input demand funcuons with complex lags, arc after all not unfamiliar from the 
literature, though their theoretical and statistical methods of obtaining them are 
novel and elegant. Factor substitutabihty, on the other hand, is an essential aspect 
of the conventional neoclassical theory of the firm Moreover, some other authors 
have recently claimed strong empirical support for this theory and even used 
factor substitutability as the basis for their policy recommendations Nadiri and 
Rosen’s appropriate theoretical specification and careful empirical analysis have 
shown moat convincingly that factor substitutability is not supported by their 
evidence and, therefore, it seems premature to use it as the basis for policy 
recommendations 

The insufficient empincal support for factor substitution thus casts substantial 
doubt on the adequacy of the conventional neoclassical factor demand model as a 
suitable description of actual mvestment and employment behavior. How, then, 
should interested researchers proceed from here’ In their final paragraph, Nadiri 
and Rosen suggest that research efforts should be devoted to first, adequate 
estimaung techniques for dealing with serial correlation, second, improving the 
quality of the data and third, incorporaung the supply side of the market into the 
model Upon reviewing the Nadin-Rosen evidence it would appear that their 
third point deserves spccul emphasis. In a world with bottlenecks, delivery lags, 
and similar supply constraints it would surely be overly optimistic (indeed, naive) 
to expect (hat all observed levels of employment and capital differ from the values 
predicted by their demand functions by only randomly distributed errors More¬ 
over, if standard capital demand functions arc fitted to data wluch arc generated 
artificially from plausible models with upward-sloping flow supply curves of 
capital, two biases emerge (I) the response of the demand for capital to changes 
in the price of capital is biucd upward (from negauve to positive), and (2) the 
lags are biased upward. These are, of course, precisely the biases that must be 
suspected in the Nadiri-Rosen results, and, hence, they constitute another reason 
for giving serious considerations to supply factors 

Nadiri and Rosen deserve to be congratulated on this study, which meeu the 
highest standards of careful theorizing and objective interpretation of the evidence. 
While it does not answer all our questions, it gives furly clear directives to future 
researchert who, it is hoped, will adopt similarly high standards. 


tlorthwatem Unwtrsily 


Frank Bkechlino 



Economies of Scale in 

U.S. Electric Power Generation 


Laurits R. Christensen and William H. Greene 

Unutrti^ rf IVucania 


We ettimate economie* of iCjUe for U.S. finni producing electric po>wer. 
Grose-iection dau for 1955 and 1970 are analyzed using the translog 
cost functum. We find that in 1955 there were significant scale econonues 
available to nearly all firms. By 1970, however, the bulk of U.S. elec> 
tncity gencrauon was by firms operating in the esaentially Bat area of 
the average coat curve. We conclude that a small number of extremely 
large firms are not required for efficient production and that policies 
designed to promote oompetiutm in electric power generatiofi cannot 
be faulted in terms of sacrifking economies of scale. 


Rates charged for electric power in the United States have recently 
risen at historically unprecedented rates This has led to renewed scrutiny 
of proposals for reorganization of the U.S. electric power industry. One 
of the most interesting recent proposals has been made by Weus (1975). 
He has suggested that firms in the mdustry be vertically diiintegnited 
by divorcing the gencrauon of electnaty from its transmission and dis¬ 
tribution. The mobvadon for thu proposal u the belief that addibooal 
compeduon at the generation stage would result in downward {Mressure 
on rates. Compeuuon, of course, requires that there be several potential 
suppliers for any particular load center. The crucial question pertaining 
to such a development u whether substantial scale economics would be 
sacrificed If so, the resulting ineflficicncy might offset the potential benefits 
of increased compebUon. 

The regulated entity in the U.S electric power industry is the firm. 
Thus, assessment of the cffccu of reorganization requires mfbrmatkin on 


AiKiciate profonr of econonuci and gnuluaie itudeat, Univenity of Wiamnsiii We 
are gratefiil to Ernst Berndt, Dianne Cummings, Arthur OoMbenpr, Fkaak Goflnp. and 
Leonard Weta for hdpfiil disnimm and to the Univenity ^ Witonorin Gnidmir 
School for reaearch support. 
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economies of scale for firms—as opposed to plants or individual generating 
units The purpose of this study is to provide such information. Our 
methodology is to model the structure of production in the industry 
using the neoclassical cost function approach. Pioneering work with this 
approach was done by Nerlove (1963) in his study of scale economies in 
electricity g^eration Recent developments m duality theory and func¬ 
tional form specification permit us to specify a much more general model 
than those available to Nerlove. In particular, our model impioses neither 
homotheticity nor unitary elasticiUes of substitution. 

In estimation, it is essential to distinguish economies of scale from 
decreases in cost resultmg from technical change The most convenient 
way to do so is to use cross-section data on firms which have had access 
to the same choices in plant design. It is also desirable, however, to gam 
some perspective on how scale economics have vaned over time. To 
accomplish this, we have chosen to utilize two cross sections, the first 
for 1955 and the second for 1970. The 1955 sample facilitates comparison 
with the results of Nerlove, and the 1970 sample provides contemporary 
estimates. 

Analysis of the two cross sections leads us to some important conclusions. 
First, we find that in 1955 there were significant scale economics available 
to nearly all firms By 1970, however, a large share of total electric power 
was generated by firms which had exhausted scale economies The ex¬ 
planation for this finding is that the firm size reqiured to exhaust economies 
of scale increased by only 60 percent between 1955 and 1970, while 
actual output per firm approximately tnpled 

Second, most firms which generated electric power experienced sub¬ 
stantial dechnes in average costs of producuon between 1955 and 1970. 
A standard explanation for this phenomenon is made m terms of the 
exploitation of economies of scale, principally the utilizauon of very 
large generator units Our findings do not suppiort such an explanaUon. 
In huA, there was very little relationship between the degree of cost 
dccBnc and the degree of expansion Many firms which had very low 
growth rates achieved cost reductions as impressive as those of the 
fastest-growmg firms 

Our primary finding, then, is that the U S electric power industry 
can be characterized by substantial scale economies at low levels of output. 
But the implied decreases m average cost dimmish m importance for 
laiger firms, rcsulung in an average cost curve which is very flat for a 
broad range of output. In 1955 most firms were producing on the low 
side of this range. By 1970, however, the bulk of U S electricity generation 
was by firms operating in the essentially flat area of the average cost 
curve. We conclude that a small number of extremely large firms are not 
required for efficient production and that policies to promote compeution 
in electric power generation cannot be faulted in terms of sacrificing 
economies of scale. 
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I. The UJS. Electric Power ladoetry 

The dominant mode o( electricity generation in the United States u 
steam-driven turbines where the steam is produced by fbssil-iuel-fired 
boilers. Water power has traditionally been an important mode as well, 
but a paucity of attractive dam rites and the tremendous growth of demand 
for electricity have combined to shruik its relative importance. Nuclear 
reactors may play a large future role, but their present contribution is 
still quite small. Internal-combustion engines are also employed but 
generally only m penods of peak demand. Table 1 indicates the mix of 
generator units m 1930 and 1970. 

The technology and economics of the various forms of electricity 
generation are quite different. Given the donrunant role of steam power, 
it is the logical starting point for any study which aspires to be relevant 
to policy decisions affecting the industry. Thus, we hneut our attention to 
conventional steam-powered generators by analyzing only the costs of 
steam generation for each firm examined Steam generation accounts 
for more than 90 percent of total generation for nearly idl of the firms 
in the sample We also limit our attention to investor-owned utilities 
with more than $1 milbon in annual revenues ‘ These firms accounted 
for approximately 77 percent of the total power produced in the United 
States in 1970 The rest was generated by several federal projects and 
several hundred small firms, cooperatives, mumapal districts, and state 
systems It would clearly be unwise to lump all of these diverse economic 
entiues together in this study 

Most observers agree that there exist econonues of scale in electricity 
generation ^ There is disagreement, however, about the range over which 
economies persist. Some engineering estimates predict that economics of 
scale persist almost indefimtcly For example, Hulbert (I%9) claims that 
there are economics to be achieved for systems up to at least 23,000 
megawatts.^ In sharp contrast are the results of Johnston (1960) and 
Ncrlove (1963), who found that scale economies were exhausted at 
relatively modest firm size Of course, many years have passed rince 
their econometric estimates were made, so they are not necessarily 
inconsistent with contempiorary engineering estimates. 

In 1933 sales to lUtimate consumers by pnvateJy owned electric power 
companies totaled 369 bilhon kilowatt-hours (kwh) By 1970 the total 
was 1,083 billion. Since the number of firms declined slightly, the output 
per firm increased approximately threefold. It u possible that changes m 
technology betvreen 1935 and 1970 were great enough to have considerably 
expanded the firm size necessary to exploit scale economics. On the other 

^ Finn* having revenue* in ex eem of $2.5 and $1.0 millioa are deagnated by die 
Federal Power Oommimoo a* C3a*i A and Oas B, ropecuvely. 

* Thi* paragraph follow* cktely the disciaiKn of Wen* (1975, p. 148). 

* Thu i* almoit twice the 1970 capacity of the nation'* laigen privately owned pow er 
system, the Amesican Electnc Power (Tnmpanry. 
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Fbmumtaob 01 Totai. PmoDuemoN by Tvpb of Plant* 



Year 

Steam 

Hydroelectric 

Internal 

Cotnbustioo 

Nuclear 

1930 


698 

29.1 

1.1 

0 

1970 . 

. .. . 

90.7 

6.2 

1.5 

1.6 


* The 1950 Sgurci ve from Geywood (1956) and lefer to total U S productieit. The 1970 fifuree w (h» 
the Federal Arwcr OammUBion (l971e} There Octree are for lovestorenvaed utUitica oeily and neideBt the 
laise federal projecta. Inclueton of three rvould utcreaee the pcrocntage of hydioeleetrle power loenwfaaL 
For eaample, TVA produoea 6 percent of the natiaei*i power, and 20 peremt of Ita capacitr !• hydroalaceriG 
(PmioKStmtmi 19n. p 25) 


hand, if the previous econometric estimates are valid and if technological 
change has not dramatically changed the shape of the firm cost curve, 
the rapid growth of firms may have resulted in the exhaustion of economies 
of scale 

In view of the disparate engineering and econometric estimates of the 
range of scale economies and the rapid growth of the industry since the 
econometnc studies were performed, there is a clear need for further 
econometric analysis of the structure of production in the U S electric 
power mdustry. 


n. Modeling the Structure of Production with a Neoclasaicsd Cost 
Function 

The recent apphcation of duality theory to problems m economics has 
resulted in many useful results for the study of production and cost re¬ 
lationships.^ A fundamental result is that, given certam reg^anty con¬ 
ditions, there exist cost and production functions which are dual to each 
other. The specification of a production function imphcs a particular 
cost function, and vice versa. Thus, the structure of production can be 
studied empinc:ally using either a production function or a cost function; 
the choice should be made on stausbcal grounds. Direct csbmabon of the 
production fimcUon is attractive when the level of output is endogenous. 
EstimaUon of the cost funcUon is more attracuve, however, if the level 
of output is exogenous. 

With minor cxcepuons, electnc uUhties are not allowed to choose the 
level of production to maximize profits They are required to supply all 
the electric power which is demanded at regulated prices. Elntrepreneunal 
decisions are made with respect to the determmabon of the optiinal levels 
of mpuu.’ Thus, the specification that mput levels are endogenous 

* See Okwcii (1974) far an excellent survey of the literature 

* Whether or not regulated u t ihtics actually do try to mimmiw costs has been the 
subject of coosiderable debate. Proponents of the Averch and Johnson (1962) hypothesis 
suggest, instead, that a udhty iao^ with rate-of-retum r^ulatun will to over- 
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variable! and that the output level ii an exogenoui variidile is piausiUe. 
Furthermore, since electric utilities compete with other industries for 
factors of pr^uction, the specification that input prices are exogenous 
variables is also reasonable. The cost function has at its arguments the 
level of output and the factor prices. Thus, estimation of the cost function 
it more attractive than direct estimation of the production function for 
studying the structure of production in the U.S. electric power industry. 
This was recognized by Nerlove (1963), and his study was one of the 
earliest applications of the principles of duality in modeling the structure 
of production. 

Recent developments in duality theory have enhanced the appeal of 
the cost function approach Every cost function implies a set of derived 
demand equations. Fimctional forms for cost functions have been developed 
which have two attractive features’ they imply derived demand equations 
which are hnear in the parameters^ and at the same time they represent 
very general production structures, even though they cannot be derived 
from exphcit production functioiu 

We have chosen the translog cost function (Christensen, Jorgenson, 
and Lau 1971, 1973) for thu study It places no a pnon restrictions on 
substitution possibihties among the factors of production. Equally impor¬ 
tant, It allows scale economies to vary with the level of output. This 
feature u essential to enable the unit cost curve to attam the classical 
U shape The translog form is also attractive for this application because 
It contains all the forms estimated by Nerlove (1963) as special cases 
This allows us to perform statistical tests of the restrictions implied by 
Nerlove’s models and to assess the impact that these restrictions have 
on esumates of scale economies 

UL The Trsmslog Cost Function 
The translog cost funcUon can be written 

In C = Bo + a. In y + J yyr{ln F)* 

+ + , ModelA 

+ X) rn In 1' ^1. 

I 

capiulise Regarding electnc udbuet, kmik tentaUve •upport ibr the hypotbesn s 
offered in the recent itudies by Courvilie (1974), Spann (1974), and feteneu (I97S). 
Brcyer and MacAvoy (1974, p. 108) potnl out, bowe^, that tbe acdvitxa of tbe electnc 
utilities in the 1960s were actuaQy contrary to predicuons of the Avcsch-Jabnsao bypocb- 
esis Moreover, rapid increases in capital costs and the existence of ooniiderabiefcgiihtory 
lag niggest that there was scant use of unnecesnry capital in 1970—the year of chaef 
interest for this study. 
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where «= y^, C is total cost, Y is output, and the /*i'i are the prices of 
the factor inputs. In order to correspond to a well-behaved production 
function, a cost function must be homogeneous of degree one in prices; 
that is, for a fixed level of output, total cost must increase proportionally 
when all pnees increase proportionally. This imphes the following rela¬ 
tionships among the parameters 



(1) 

yrt = 0. 

i 

(2) 

“ 5Z 711 = 51 S 7u = 0 

(3) 


A convenient feature of the cost function approach is that the denved 
demand functions for the factors of production can be easily computed by 
partially differentiating the cost funcUon with rcsjicct to the factor 
prices, that is, 

dCldP^ = X, (4) 

This result, known as Shephard’s lemma (Shephard 1953), is convemently 
expressed in logarithmic form for the translog cost funcUon as 

d In Cld In = S„ (5) 

C 

where 5, indicates the cost share of the ith-factor input The translog 
cost function yields the cost share equations 

5, = a, + Jr, In y + ^ y^J In Pj (6) 

i 

Uzawa (1962) has shown that Allen parUal elasticities of subsUtution 
(Allen 1938) can be computed from the cost function by the formula 

«7y = CCfj/CiCj, (7) 

where subsenpts on C indicate parual differentiaUon of the cost funcUon 
with respect to factor prices For the translog cost funcuon we have 

( 8 ) 

<^11 = [?II + S,{S, - \)]ISl, t 

The own-pnee elasticity of demand for the ith factor of production is 

tJi “ (9) 

Economies of scale are usually defined in terms of the rclaUve increase 
in output resulung from a proporuonal increase in all mputs Hanoch 
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(1975) hat pointed out that it is more appropriate to represent scale 
economies by the relationship between total cost and output along the 
expansion path—^where input prices are constant and costs are minimized 
at every level of output. A natural way to express the extent of scale 
economies is as the proportional increase in cost resulting from a small 
proportional increase in the level of output, or the elasticity of total cost 
with respect to output. We will define scale economies (SCE) as unity 
minus thu elasticity. 


SCE - 1 - 3 In C/a In y (10) 

This results in positive numbers for positive scale economies and negauve 
numbers for scale diseconomies Furthermore, SCE has a natural interpre¬ 
tation in percentage terms 

The transiog cost function docs not constrain the structure of produc¬ 
tion to be homothetic, nor does it impose rcstnctions on the clasbciucs 
of substitution However, these restrictions can be tested statistically 
If any of the restrictions are valid, it u preferable to adopt the simplified 
model If not, it is of interest to investigate the impact of their imposiuon 
on the shape of the estimated cost curves 

A cost funcuon corresponds to a homothetic production structure if 
and only tf the cost function can be wntten as a separable function m 
output and factor pnees ‘ A homotheue producuon structure is further 
restricted to be homogeneous if and only if the elasticity of cost with 
respect to output is constant For the translog cost function, the homo- 
theticity and homogeneity restrictions arc, rcspiectivcly, 

7r( =0 {•*) 

and 

Vri = 0. Vrr = 0 (12) 

The elasticities of subsutution can all be restricted to uiuty by ehminating 
the second-order terms in the prices from the translog cost fimction. 
Thus, the umtary eiasucity restrictions arc 

?y = 0 (13) 

We consider five models in addiuon to the translog Model A Model 
B imposes homotheUcity Model C imposes homogeneity. Models D, E, 
and F correspond to Models A, B, and C, respectively, with unitary 
elasticities of substitution imposed in each case The formulas for SCE 
for Models A-F arc presented in table 2 

*See Diewert <1974) for formal statements and denvabons of the rotnctiaai for 
homothetiaty and homogeneity 
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TABLE 2 

Scale Eoonomib9 hoe Mooeu A-F 


SCE (A 
SCE (B' 
SCE (C 
SCE (D 


1 - 
I - 
1 


«r + 
.«r + 


ftt *n X -t- yn 
yrr In F) 


ATy 

(ay + Yyt In y + Zi Yyi In P j) 

- {ar + frt In F) 

SCE (F) = 1 - «r 


_,D) - 1 - 

SCE (E) = 1 - 


rV. Estimation Procedures 

It IS feasible to estimate the parameters of each cost function using or¬ 
dinary least squares This technique, used by Ncrlove (1963), is certainly 
attractive from the point of view of simplicity However, it neglects the 
additional information contained in the cost share equations (6), which 
are also easily estimable Furthermore, even for a modest number of 
factors of production, the translog cost function has a large number of 
regressors which, aside from the terms involving output, do not vary 
greatly across firms Hence, mulucollinearity may be a problem, resulting 
in imprecise parameter estimates 

An alternative estimation procedure, followed by Bemdt and Wood 
(1975), IS to estimate the cost shares (6) as a multivariate regression 
system This procedure was satisfactory for their purposes, since they 
treated constant returns to scale as a maintained hypothesis (y^, = 0, 
ffY = 0, = 1) Thus, their cost share equations included all the 

parameters of the cost function except for the neutral shift parameter ao, 
and no economic infonnation was lost by not including the cost function 
in the estimation procedure This approach is not satisfactory, however, 
when constant returns are not imposed, since the crucial parameters in 
the SCE formulas, a|. and yyy, appear only in the cost function 

We conclude that the optimal procedure is to jointly estimate the cost 
function and the cost share equations as a multivanate regression system 
Including the cost share equations in the estimation procedure has the 
effect of adding many addiuonal degrees of freedom without adding any 
unrestricted regression coefficients This will result in more efficient 
parameter estimates than would be obtained by applying ordinary least 
squares to the cost function alone 

We specify additive disturbances for each of the share equations and 
for the cost function Since the cost share equations are derived by 
diETerentiation, they do not contain the disturbance term from the cost 
function We assume that the disturbances have a joint normal distnbu- 
tion Following Zellner (1962), we allow nonzero correlations for a 
particular firm but impose zero correlations across firms However, his 
proposed estimation procedure is not operational for our model The 
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estimated disturbance covariance matrix required to implement 2^llner’t 
procedure is smgular because the disturbances on the share equations 
must sum to zero for each firm The Zcllner procedure can be made 
operational by delcUng one of the share equations from the system 
However, the esumatcs so obtained will not be invariant to which equa¬ 
tion is deleted 

Barten (1969) has shown that maximum-likehhood estimates of a 
svstem of share equations with one equauon deleted arc mvanant to 
which equation is dropped A straightforward extension of his result 
covers our multivariate system, which includes the cost function with the 
share equations. Kmenta and Gilbert {1%8) and Dhrymes (1970) have 
shown that iteration of the Zellner estimation procedure unul conver¬ 
gence results in maximum-Iikelihood estimates Iterating the Zellner 
procedure is a computationally efficient method for obtaming maximum- 
likelihood estimates, and is the procedure which we employ here 

Since we obtain maximum-likclihood estimates, we are able to test 
hypotheses such as homotheticity by using the likelihood ratio test 
Denoting the determinants of the unrestnclcd and reslncted esUmates of 
the disturbance covariance matrix by and respccuvely, we can 
write the likelihood ratio 

/ = n4) 

where T is the number of firms We test hypotheses using the fact that 
— 2 In A is distributed asymptoucally as chi-squarcd with degrees of 
freedom equal to the number of independent restncuons being imposed 


V. Data 

Since fuel accounts for a verv' targe share (approximately 65 percent) of 
the cost of electricity generated by steam power, it is essential to include 
fuel in the model as a factor of production Intermediate mpuis other 
than fuel arc rclauvciy unimportant in ihc generation stage of elcctncity 
production Thus, it is realistic to model the structure of production with 
capital, labor, and fuel as inputs Hence, we require pnees and cost 
shares for these three inputs in addition to the quanuty and cost of total 
output 

To provide a link with Nerlove’s (1963; rcsulu, we imtially estimated 
our models using the same data as Nerlove—a 1955 cross section of Class 
A and B firms Nerlove did not include the cost share equations in his 
estimation procedure and therefore did not construct the cost share data 
We reconstructed the cost components using Ncriove’s pnmary source 
(Federal Power Commission 1956) 

Weiss (1975, p 146) has pomted out that Nerlove may have consider- 
abfy undcresumated the extent of scale economies by treating members 
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of holding companies as if they were individual firms. Since the holding 
company, rather than its subsidiaries, is the proper unit of observation, 
we revised Nerlovc’s data by combining these firms where appropriate. 
This reduces the number of observations in the sample from 145 to 124. 

With two exceptions, we used Nerlove’s procedures to construct a 1970 
cross section of 114 firms and holding companies First, for the price of 
fuel Nerlovc used the statewide average from the state in which the firm 
was pnncipally located The Federal Power Commission (1971i) pro¬ 
vides a plant-by-plant summary of fuel purchases by type of fuel (coal, 
oil, and gas), by BTU equivalents, and by prices piaid per million BTU 
for each type of fuel By simply converting all fuel purchases at all sites 
to BTU equivalents, we were able to average these prices, using as weights 
the contribution of each fuel purchase to total BTU consumption This 
procedure yields a firm-specific price for fuel Second, for the price of 
labor in 29 states Nerlove used statewide averages of wages for utility 
workers In the 19 remaining states not even the statewide average wage 
for utility workers was available For these states Nerlove esUmated uUhty 
workers’ wages from the regression relationship between utility workers’ 
wages and all production workers’ wages in the other 29 states Unlike 
Nerlove’s source (FPC 1956), FPC (1971fl) provides enough information 
to construct a yearly labor cost for each firm. We computed the total 
labor cost for each firm as the sum of total salaries and wages paid and 
employee pensions and benefits To arrive at a yearly price of labor, we 
divided this bv the number of full-time employees plus one-half the number 
of fiart-time employees While this is sull not specific to steam generation. 
It represents a clear improvement over Nerlove’s procedure 


VI. Elmpirical Results 

a) Cost Functions for the U S Eiectnc Power Industry 

We present results for cost function Models A-F for three data seta The 
data set used by Nerlove is denoted 19551. Ncrlove’s data set with firms 
combmed into holding companies is denoted 195511 Our new data set 
IS denoted 1970. Capital, labor, and fuel inputs are, respicctively, denoted 
by K, L, and F subsenpts 

All SIX models were esUmated for all three data sets The linear homo¬ 
geneity m factor prices constraints (1, 2, 3) were imposed throughout. 
Additional reguianty condioons which the cost flincuons must satisfy in 
order to correspond to well-behaved production structures are monoton- 
laty and convexity in factor prices Sufficient condiuons for these to hold 
are positive fitted cost shares and negative definiteness of the bordered 
Hessian of the cost function. These conditions arc met at every observation 
for all of the models which we estimated; hence, we may conclude that 
the esUmated cost functions represent well-behaved producUon structures. 



EOONoms* or sgauc 


TABLE 8 


665 


Cost Funotion Fakambtu EfTMAns, 19S5I Data 
((-Ratio* im Paaehtmeibi) 


PARAUBTeBS 



Model 



A 

B 

C 

D 

E 

F 

«0 

8 641 

8 037 

6 761 

8 366 

7866 

6 542 


(37 21) 

(31 77) 

(31 70) 

(47 29) 

(47 90) 

(62 13) 

«r 

0 252 

0 335 

0 810 

0 223 

0300 

0 797 

(4 34) 

(5 90) 

(55 88) 

(3 75) 

(5 14) 

(53 43) 


0.076 

0 122 

0 122 

0 449 

0 426 

0 426 


(0 91) 

(1 31) 

(1 34) 

(12 98) 

(44 18) 

(44 09) 


0 365 

0 117 

0 120 

0 210 

0 106 

0 106 

(4.95) 

(1 29) 

(1 36) 

(20 44) 

(27 88) 

(27B8) 

«r 

0 559 

0 761 

0 758 

0 341 

0 468 

0 468 

(9 44) 

(13 93) 

(14 02) 

(9 55) 

(44 78) 

(44.72) 

Vir 

0079 

0 079 


0 083 

0 083 


(7 96) 

(7 97) 


(8 18j 

(8 24) 


ytK 

-0008 



-0004 



(-169) 



(-0 693) 



rtL 

-0017 



-0016 


. 

(- 11 08) 



(-10 49) 



ytr 

0 025 



0 020 



(5 58) 



(3 69) 



Yu 

0 175 

0 155 

0 154 




(6 31) 

(5 34) 

(6 20) 




Yll 

0 040 

0 033 

0004 




(2 34) 

(0 11) 

(0 15) 




Ytr 

0 167 

0 154 

0 154 




(6 95) 

(6 07) 

(6 58) 




Ytl 

-0 024 

-0 022 

-0002 




(-1 51) 

(-0054) 

(-0 073) 




YKr 

-0 151 

-0 153 

-0 152 




(-6 43) 

(-6 52) 

(-6 77) 




Ylt 

-0016 

-0 001 

-0 002 




(-194) 

(-0 113) 

(-0 169) 




RestncUons 

None 

(2) 

t3) 

(3) 

(5) 

(6) 

Log del n 

2 261 

2903 

3 231 

2 550 

3 163 

3.497 


The complete set of parameter estimates for 19551 is presented in 
table 3 To conserve space, we present in table 4 only the Model A 
parameter estimates for the 195511 and 1970 data sets Tbe l-ratios for 
the nonhomotheticity parameters (yf/ )and the substitution parameters 
(yty) for Model A suggest that neither the homothebcity hypothesis nor 
the unitary elasticities of substitution hypothesis is consistent with any of 
the data sets This suggestion is confinned by the likelihood ratio statistics 
given in table 5 for all three data sets ^ All of the restricted models are 

The esumatei for Models E and F difler from ibote given by Nerlove (1963), siiice 
he used the OLS estiinauan procedure. We also conpuicd ihe OLS ettunaics of Use ooM 
function parameten They turn out to have generally larger standard errofi than the 
efficient estiraatc* With these esumate* we are not able to re|ect the homothetsclty 
hypothesu or urutary eUsUcitiei of suhMitubon hypothesis for any of the ibrte data seta. 
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Cost FoMonoN Parambtbr EtnuATSS fox Modbi. A, 19S5I1 and 1970 Data 
((-RAT ioe IN Paxxntheus) 


Puameter 

195511 

1970 

PEiameter 

195511 

1970 

>0 

8 412 

7.14 

yrw 

0.024 

0.021 

(31 52} 

(32 45) 

(5.14) 

(6.64) 

«r 

0386 

0 587 

Fee 

0 175 

0.118 

(6 22) 

(20 87) 


(5 51) 

(6.17) 

Sx 

0094 

0 208 

Yu. 

0.038 

0.081 

(0.94) 

(2 95) 


(2.03) 

(5.00) 

«L 

0348 

-0 151 

Yrr 

0 176 

0.178 

(4 21) 

(-185) 


(6.83) 

(10 79) 

«F 

0 558 

0 943 

Yul 

-0 018 

-0.011 

(8 57) 

(14 64) 


(-101) 

(-0 749) 

Fri 

0.059 

0 049 

Fee 

-0 156 

-0 107 

(5 76) 

(12 94) 

(-6 05) 

(-7 48) 

yiK 

-0 008 

-0 003 

yxj 

-0 020 

-0 070 

(-1 79) 

(-123) 

(-2 08) 

(-6 30) 

yjL 

-0 016 

-0 018 




(-10 10) 

(-8 25) 





TABLE 5 

TeFT SxATBTia FOR HoilOTHETlCTrY, HOMOOENETTY, 
AND Unitary ELAsncmES of SuasmvnoN 


Hypothmis (RsanTRicnoN on Model A) 


Homoseneity 
Unitary Homothedcity and Unitary 
Elasticitici and Unitary Elaiticiucf of 
Homothe- Homogen- of Elaiticities of Substitution 

ticity city Substitution Subsutution (Cobb-Douglas) 


Number of 


restncuons 

2 

3 

3 

5 

6 

Cnucalr* (1%) 

9 21 

11 35 

11 35 

15.09 

1681 

19551 

93 09 

140 51 

41 91 

130 79 

179 22 

1955II 

78 22 

102 27 

43 92 

112 84 

158 89 

Z» 1970 

57 91 

157 46 

94 95 

137 77 

230 70 


rejected at reasonable levels of significance in all three data sets Thus, it is 
clear that a model which allows nonhomotheticity and nonunitary 
elastiaties of substitution is required to adequately represent the structure 
of producUon for U.S. firms generaUng electric jxiwcr. 

It has often been suggested that subsUtution possibilities m electnc 
power generation are scant For example, Konuya (1962) argued in 
lavor of modehng the structure of producUon with a fixed-coefficients 
technology, at least at the plant level. On the other hand, Nerlove (1%3, 
pp. 173-74) argued that there may be significant substitution possibilities 
at the firm level. To provide some eiddence on this question, we averaged 
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Elasticities of 
Substitution 

Gaptial-Labor 

Capital-Fuel 

Labor-Fuel 

19551 

.411 

.223 

650 

1955II 

.547 

.195 

.574 

1970 . 

.639 

218 

.165 

Own-Pnee 




ElasuciUes 

Capital 

Labor 

Fuel 

19551 . 

- 159 

-.499 

- 170 

1955II 

- 163 

-.520 

- 146 

1970 

- 238 

-.229 

- 006 


over firms the elasticities of substitution and own-pnce elasticities imphat 
in our cost fiincUon estimates The results for all three data sets arc pre¬ 
sented in table 6 


b] Economies of Scale 

An estimate of scale economics can be derived for each firm by evaluat¬ 
ing the formulas in table 2 at the observed level of output and factor 
prices Following Ncrlove, we partitioned the sample into 6ve groups 
of firms according to output, in table 7 we present the 19551 estimates of 
scale economies for the firm with the median output in each group. The 
t-rauos given with the estimates use firm-specific standard errors, con¬ 
ditional on observed output and prices Tbc estimates of scale economics 
for the homogeneous models, C and F, are constant for all levels of output. 
The other four models, which allow scale economics to vary with output, 
confinn our expectauon that scale econonues dirmnish as firm size 
increases. Although the imposiuon of unitary clasUciUcs of substitution 
leads to a statistically significant loss of fit, the impact on estimated scale 
econonues is not large The estimates for Models D, E, and F are roughly 
the same as those for A, B, and C, respectively However, the efiect of the 
homotheticity constraint is much more pronounced. The estimates ai 
scale econormes for Models B and E, the homothetic models, arc con¬ 
siderably less than those for Models A and D. 

The homogeneous Modeb C and F give the erroneous impression that 
there arc significant economies of scale for firms of any size. The non- 
homogeneous models, however, mdicatc that scale economies are ex¬ 
hausted well within the sample output range The median firm m group 5, 
which had output less than one-third that of the largest firm, shows no 
significant scale economies. 
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TABLE 7 

EnniATBD SoAU Eoonokiii oran> Vakioui SraamoLATiom or Ttaamoumr 
((-Ratkm in Pakinthiwi) 





SizB GaouF 



1 

2 

3 

4 

5 

Output (million kwh) 

43 

338 

1,109 

2,226 

5,819 




19S5I 



Model 






Homogeneous. 






F 

203 

203 

.203 

.203 

.203 


(13 61) 

(13.61) 

(13 61) 

(13 61) 

(13.61) 

C 

190 

190 

190 

.190 

.190 


(13 11) 

(1311) 

(13.11) 

(13.11) 

(13.11) 

Homothetic 






E 

.388 

216 

.117 

059 

-.020 


(17 00) 

(16 90) 

(6 28) 

(2 43) 

(-0 62) 

B 

369 

206 

Its 

059 

- 017 


(16.62) 

(16 66) 

(6 20) 

(2 44) 

(-0 53) 

Nonhomothctic 






D 

418 

258 

153 

.096 

.026 


(18 00) 

(18,53) 

(7 94) 

(3.83) 

(0 77) 

A 

408 

.258 

.157 

104 

.040 


(17.08) 

(18 44) 

(8 25) 

(4.16) 

(1.20) 




195511 



Model A 

351 

243 

167 

27 

076 


(13 66) 

(15 67) 

(8 68) 

(5.15) 

(2 26) 


It IS of interest to compare our estunates of scale economics with those 
obtained by Nerlove using ordinary least squares * For Model F our 
estimate is 203, versus Nerlove’s estimate of .281. Nerlove’s estimates 
for Model E are mconsistent with his data; apparently he used the 
formula (a, + ^yyr log Y)~' mstead of («, + log 7)"‘ as implied 
by his model, to compute returns to scale. Table 8 presenu our estimates 
along with Ncrlove’s corrected and erroneous estimate for Model E. The 
pattern we observe is that OLS leads to an increase in the estimates of 
returns to scale at low levels of output and a decrease at high levels. 
The same pattern emerges from the 015 estimates of Models A, B, and D. 

A convenient way to summarize scale economics is to present the 
average cost curve facing a typical firm The cost curve can be derived by 
evaluating the average cost function for a range of outputs while holding 

* Neilovc camputed renirai lo icak as tbe sum of the output elsmcitics. TUf is the 
iiivene of one our estmute of scaie economies. We toed this tnnsfonnstian of 

Neriove’s estmutes for compantbility with our own. Also, Nertove used cotnmon log- 
anihms m his cslculatioits while we used natursl loganthms in ours. 
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TAK^ 8 

EmifATBi) SoAU EooNotoii wo*. Model E (19551 Data) 




OvTFVT (MnuoH kwh) 


43 

338 

1,109 

2,226 

5,819 

Cbristensen-Greene .. 

388 

.216 

.117 

.059 

-J020 

Nerlove (corrected) .. 

.465 

.257 

.136 

.065 

-.032 

Nerlove (erroneous) 

.658 

.554 

.492 

457 

408 


the factor pricet fixed at the lample meant. ’ These curve* are plotted for 
Models A-F in figure 1 (for 19551). The size distribuuon of firms is 
presented beneath the cost curves Consistent with the figures m table 7, 
Models C and F have continuously declining average costs, while the 
others all have the classical U shape Dotted arrows mdicatc the minimum 
average cost corresponding to Models A, B, D, and E. The imposition of 
unitary elasdaties of substitution has some cfliect on the shape of the 
curves, and imposition of homothcticity changes the shape of the cost 
curve substantially. 

Figure 1 reveals that the cost curve for Model A is not well approxi- 
mated by those from the restricted models Scale economies persist at 
outputs considerably above those indicated by Models D, B, and E. 
Even so, a substanual proportion of elcctnc power appears to have been 
generated by firms operating in the essentially flat area of the cost curve, 
and scale economies appear to be exhausted by firms well within the 
size range of the sample 

We found that Models B, C, D, E, and F can be rejected both on sta¬ 
tistical grounds and because they do not provide good approximations to 
the unit cost curve from Model A We henceforth lumt our attention to 
Model A in studying the 195511 and 1970 data sets 

Weiss (1975) has suggested that Nerlove (1%3) may have understated 
scale econoimes by treating members of holding companies as individual 
firms In our 1955II data set, observaDons for firms were combmed when 
they were members of holding compames It turns out that the five firms 
in table 7 renuuned as observatioiu, since they were not subsidiary firms 
in holding companies It provides a usciiil comparison to compute the 
estimates of scale economics for these five firms The estimates, presented 
for Model A in the last line of table 7, show that scale economies were less 
at lower levels of output—but persuted over a wider range of ou^nit. 
This finding is also apparent from the 195511 unit cost curve in figure 2. 
The diflcrence between the 19551 and 1955II unit cost curves in figure? is 

* The slope of the unit com curve u sufficient 10 inlier the pre sea c s. of scale oc ono s n s ts i, 
since SCE • I — (maifuial coM/aversBc com) Thus, deduung amt ooMs indseaic 
economies of scale and niiiig umi costs indicate dne c onomiea. 
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Striking. The 1955II curve is relatively flat over a much broader range of 
output than the 19551 curve In addition, the range of dccreasmg costs is 
more than double that of the 19551 curve. The size distribution of firms 
in figure 2 indicates that no firm had exhausted scale economies in 1955 
Thus, Weiss’s conjecture that the I955I data set yields an understatement 
of scale economies is supported by our results. 

Between 1955 and 1970, sales of electricity to ultimate consumers by 
privately owned producers grew from 369 to 1,083 billion kwh. Table 9 
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iilustrata the pattcm of growth for a sample of firms Results from fitting 
Model A with our 1970 data set arc indicated in table 9 and figure 2. 
The last two columns of table 9 show that firms typically had lower scale 
economies available in 1970 than in 1955 The reasons for this arc clear 
from figure 2. The average firm tripled its output level between 1955 and 
1970, but the shape of the cost curve changed very little. In particular, 
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TABLE 9 

Estuates of Scale Eoonmuse for Sriaoted Fduo 
(Fnuiii Ordered by 1970 Oirmrr) 



Output 
(Million kwh) 

Averaob Coft 
(S/1,000 kwrh) 


SCE 


Company 

1955 

1970 

1955 

1970 

19551 

1955II 

1970 

Newport Electric 

68 

50 

11 69 

10 75 

379 

332 

.324 

Community Public Service 

63 

183 

8 73 

7 03 

.413 

363 

247 

United Gas Improvement 

235 

467 

10 39 

844 

442 

.267 

.216 

St Joseph Light & Power 

253 

938 

8 03 

5.45 

284 

263 

.181 

Iowa Southern Utilities 

299 

1.328 

11 36 

6 07 

265 

246 

160 

Musoun Public Service 

209 

1,886 

9 26 

5 47 

299 

274 

143 

Rochester Gas & Electric 

1,156 

2,020 

7 66 

889 

158 

167 

136 

Iowa Electric Light & 
Power 

1,166 

2,445 

7 37 

5 37 

158 

167 

133 

Central La Gas & Electric 

353 

2,689 

7 53 

554 

253 

263 

127 

Wisconsin Public Service 

1.122 

3,571 

690 

6 02 

162 

170 

103 

Atlantic City Electric 

1,291 

4,187 

796 

700 

ISO 

161 

094 

Central Illinois Public 
Service 

2,304 

5,316 

548 

4 43 

110 

133 

097 

Kansas Gas & Elcctnc 

1,668 

5,785 

508 

3 36 

136 

153 

094 

Northern Indiana Public 
Service 

1,137 

6,837 

7 01 

496 

167 

174 

079 

Indianapolis Power and 
Light 

2,341 

7,484 

5 51 

3 94 

112 

135 

080 

Oklahoma Gas & Electric 

2,353 

8,787 

10,149 

494 

3 01 

119 

142 

066 

Niagara Mohawk Power 

11,667 

5 47 

640 

- 003 

047 

049 

Potomac Electric Power 

3,538 

13,846 

6 79 

6 95 

070 

102 

037 

Gulf States Utiliues 

2,507 

17,875 

3.85 

3 27 

121 

146 

036 

Virguua Electric Power 

5,277 

23,217 

6 12 

4 85 

037 

077 

015 

ConMlidated Edison 

14,359 

29,613 

9 71 

8 43 

- 041 

019 

- 003 

Detroit Edison 

11,796 

30,958 

6 19 

6 05 

- 026 

030 

- 004 

Duke Power 

9,956 

34,212 

4 51 

484 

- 013 

038 

- 012 

Commonwealth Edison 

19,170 

46,871 

7 10 

5 43 

- 035 

024 

- 014 

Southern 

13,702 

53,918 

4 74 

4 30 

- 056 

006 

- 028 


the bottom of the cost curve shifted out by a relatively modest 60 percent 
(from 20 to 32 billion kwh) Thus, most Brms were operating in a portion 
of the 1970 cost curve which was flatter than their point of operation on 
the 1955II cost curve In effect, uncxploited economies of scale were much 
smaller in 1970 than in 1955 

Up to this point, we have spoken rather loosely about “flat” or “rela¬ 
tively flat” portions of the average cost curves We now give some pre¬ 
cision to this notion by defining the “flat” portion of the curve as that 
part which exhibits no statistically significant economics or diseconomies 
of scale. We choose the 5 percent sigmflcancc level and allocate 2-} 
percent to each tail for SCE Thus, any point on the average cost curve 
with a corresponding SCE which is less than 1 % tunes its standard error 
is ccnuidered to be in the “flat” region of the curve. When a firm reaches 
a level of output in the “flat” region, we say that it has no statisucally 
sigmficant unexploited scale economies The “flat” regions of the coat 
curves in figure 2 are indicated in table 10 along with the number of 
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19551 195511 1970 


Boundi of the renon with no ugnificant 
ecooomiet or oiieconomiei 
(billion kwh): 

Lower 
Upper 

Significant Kale ecoooiniei 
Number of firm* . 

Proportion of total output 

No ligntficant economic* or 
dueconomie*' 

Number of firm* 

Proportion of total output 

Significant Kale dueconomie* 

Number of firm* 

Proportion of total output 


4,400 

9,700 

19,800 

34,000 

57,000 

67,100 

119 

IIB 

97 

377 

741 

487 

26 

6 

16 

623 

259 

446 

0 

0 

1 

0 

0 

067 


firnu and proportion of output produced in each of three regions (1) 
statistically significant scale economies, (2) no significant scale economies 
or diseconomies, and (3) statistically significant scale diseconomies The 
changes in industry production are dramatic In 1955, 74 1 percent of 
steam-generated elcctnc power was produced by firms with significant 
unexploited scale economics By 1970, the figure had fallen to 48 7 
percent Not only was a large portion of all power produced m the flat 
region of the cost curve, but a nontnvial amount (6 7 percent) was 
produced by one firm (the American Electric Power Ckimpany) which 
showed sigmficant diseconomies of scale 


Vn. Ckmcluding Remarks 

In figure 3 we duplay the 1970 average cost curve over the full range 
of output observations In addition, we mclude on the figure solid vertical 
arrows to indicate the bounds of the “flat” portion of the curve Thu 
demonstrates the large range of output which can be interpreted as 
exhibiting constant returns to scale Idenbfication of thu range fMovides an 
important tool for analyzing proposals to restructure the electric power 
mdustry. The aggregate cost of producing electric power u clearly related 
to the proportion produced by firms operating in the “flat” area of the 
cost curve. 

Table 9 and figure 2 indicate that the cost of producing electric power 
fell absolutely during the 1955-70 period. This phenomenon is often 
attributed to the exploiuuon of scale economies or to scak-related 
technical change. Such explanatioiu are contradicted by figure 2. To a 
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close approximation, the 1970 cost curve is simply a downward vertical 
displacement of the 195511 curve This implies that technical change 
unrelated to mcreascs in scale deserves the primary attribution for declines 
in the cost of production This is corroborated by the fact that there is 
httle correlation between the degree of cost reduction and the rate of 
growth of individual firms It is true that many firms did exploit scale 
economics between 1955 and 1970 However, for the typical firm, move¬ 
ments along the cost curve resulted in cost declines which were small 
relative to the downward displacement of the entire curve 



ECONOUmS OF SCALE 


675 

Hughes (1971) and others have discussed the desirabihty of rationalizing 
the U.S. electric power industry—reducing the number of firms or 
planning imits. Our cost functions yield estimates of the potential cost 
savings from rationalization. In 1970 if the combined output of all the 
firms in our sample had been produced at the minimum point on the 
average cost curve (0.4730 per kilowatt hour), the total cost of production 
would have been $175.1 million less'** The estimated cost dcclme is 
3 2 percent of observed costs Of the estimated savings, $83 8 million 
(47 9 percent) is for labor ,$49 6 million (28 3 percent) for capital, and 
$41 7 million (23.8 percent) for fuel Producuon of the observed output 
by the 114 firms in our sample would have required 33 firms of optimal 
size. The composition of the cost decline differs considerably from the 
average cost shares (14 percent for labor, 23 percent for capital, and 
63 percent for fuel) The difference results from the nonhomotheticity of 
the production process 
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A Strategic Analysis of 
Monetary Interdependence 


Koichi Hamada 

Umoimtf »f Tolfft 


Applying the moncury approach to the balance of payment*, this 
paper examine* the interdependent nature of monetary pohcie* In an 
fl-country game where each monetary authority decides on its credit 
expansion to maximize it* objective function, it is shown that the Cournot 
(or noncooperative) solution and the Staclielberg leadership solution do 
not lie on the contract curve, unless the aggregated preference over the 
balance of payments is exactly matched by the creation of intemauonal 
reserves. If the creation of intemauonal reserves exceeds the aggregated 
preference, the monetary expansion take* on the nature of pubhc bads, 
leading to international inflation 


1. Introductioxi 

In a system of fixed exchange rates, nauonal monetary piolicies arc 
closely interdependent The same amount of monetary expansion of a 
country can have different effects on the domestic as well as the world 
economy if monetary pobaes taken by other countries in the system are 
different Even m the case where, as at present, a system of floating 
exchange rates is partially adopted, the problem of the interdependence 
of monetary pohaes occurs within a monetary union if the monetary 
integration has proceeded to such a degree that the exchange rates 
between the parucipaung countries are fixed but the monetary authorities 
are not completely unified. 

McKinnon (1974) has proposed a new tripartite agreement for 
mamtaiiung stable exchange-rates reJauons among the United States, 
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Atsumi, Michihiro Ohyama, Yunike Onttauka, and anonymous re fer ee* 
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Germany, and Japan. In order for inch a propo*^ to be ^CCtiye, Mtt hw 
to know the strategic positions of the countries participating in this 
monetary union within which exchange rates are more or less fixed. That 
is, we have to know what kind of incentives countries have when they 
decide on their monetary poliacs. 

Most traditional approaches do not seem to pay due attention to the 
mterdependent nature of monetary policies, since they cither assume the 
monetary policies of other countries as given or take the international 
cooperation of monetary pohcies ibr granted. 

The monetary approach to the balance of payments suggests that a 
disequihbnum in the balance of payments can be understood as a 
monetary phenomenon A surplus in the balance of payments appears 
when the demand for money of a nation exceeds the domestic supply of 
money, a defiat results when the domestic supply of money exceeds the 
demand for money At the same time, this approach enables us to 
investigate formally the structure of the interdependence of monetary 
poliaes Johnson (1972) derived a set of instructive formulae relating the 
rate of inflaaon, the balance of payments, the rate of growth of inter¬ 
national money, and the rates of credit expansion of the vanous nations 
of the world One can see in these formulae the two sources of inter¬ 
dependence' (1) the world rate of inflation is the weighted average of 
domestic credit expansion, and (2) one country’s surplus is another 
country’s deficit 

The purpose of this paper is to study the interdependent and strategic 
nature of monetary poliacs by directly applying the monetary approach 
to the balance of payments I set up a mulucountry game situaUon in 
which the monetary policy of each country is conducted in such a way 
as to maximize the objective function of its monetary authority Monetary 
policies are interdependent m the sense that the effect of a spiecifir policy 
adopted by a country differs depending on monetary poliaes taken by 
other countries In this framework, I shall ask how the difference in 
national preferences concerning inflauon and the balance of payments 
affects the realized outcome of the rate of world inflaUon * I shall also 
relate the result to the recent development of the theory of public goods 
in poliucal science (e g , Olson 1965) 

Mundell (1972, chap 16) addresses the question of the relationship 
between world inflation and the intemaUonal balance of payments usmg 
his policy assignment approach According to his analysis, the reserve- 
currency country should be assigned the objccUve of pnee stability and 
the other countnes the objccUve of equilibrating their balances of 
payments In effect, this paper analyzes the same issue usmg an optimizing 
rather than an assignment approach (sec Nichans 1968). 

' For an analyns of the strategic impiications of the inleiplay of natMoal moneuiy 
policies in the framework of two-penon game theory, see Haimida (1974a), where the 
monetary approach is partially adopted 
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In Section II, after presenting a simplified formulation of the moneUry 
approach to the balance of payments, I shall construct a model the game 
situation where the strategy of each country is the increase of iu domestic 
credit. National monetary policies are assumed to be guided by the 
benefit-cost calculation of the monetary authorities. It will be shown that 
the Cournot solution (i.e., the intersection of the reaction curves) does not 
generally lie on the Paretian surface (Le., the set of the cooperative policy 
configuration) unless the aggregated national preferences regarding the 
desired balance of payments of each country are matched by the creation 
of international reserves. If the creation of international reserves falls 
short of the aggr^ted preferences concerning balances of paymenu, 
then the monetary expansion takes on the nature of an increase m public 
goods and the Cournot solution tends to he on the deflationary side of the 
Pareto-optimal configuration; if the crcaaon of intemauonal reserves 
exceeds the aggregate preferences concemmg balances of payments, then 
the resulting monetary expansion has the nature of pubhc bads and the 
Cournot solution tends to he on the infiaUonary side One can also obtam 
the Stackelberg leadership soluUon m the n-country case, provided that 
only one country behaves as the leader and the others as followers. The 
Stackelberg leadership solution also hes on the same side of the Parcuan 
configuration as the Cournot solution 

In Section III, the dependence of the final outcome on the preferences 
of monetary authorities will be illustrated by geometrical analyses, and 
denved explicitly for the case of a simple type of uuhty function I shall 
deal with the long-run implications of the analysis and the role of the 
reserve currency country as the leader country in SecUon IV In the 
concludmg section, the appheabon of our strategic analysis to the 
designing of a fixed exchange rate system, as well as its unpheabons with 
regard to the system of floabng exchange rates, will be discussed. 


n. The Interplay of Nationsd Monetary Policies 

Let me posit a world economy, or its subsystem, that consists of several 
countnes among which the exchange rates arc fixed Assume that goods 
arc mobile enough for the assumpbon of the common pnee level to be 
jusbfied ^ I shall concentrate my attenbon on the interplay of monetary 
policies I shall also assume that the ubhty funebon of a nabonal monetary 
authority depiends on the rate of mflabon and the increase of its inter- 
nabonal reserves. More speafically, a monetary authority u assumed to 
have a most desired rate of infiabon (or deflation) and a most desired 
value of increase (or decrease) m foreign reserves. Usually, the )ess the 
rate of inflabon, the better will be the nabonal welfare. But if the rale 

* It may be poaublc to extend our results to > mote rodisac snuatsoa where a natirtnal 
pnee level can devute horn the world price kvd, by appeahng to the enukd-fioainMM- 
good model developed by Dombtach (I979i). 
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of inflation reduces below tome specific value, fiirther reductioti of 
inflation, or further increase in the rate of deflation, may not be 
desirable.^ Thus, I shall assume that there is a most desired rate of 
inflation or deflation for a nation that may difier from country to country. 
Similarly, a surplus m the balance of payments beyond a certain level 
may mean the reduction of consumption-investment opportunity for a 
nation. Thus, I shall assume that there is a most preferred value for the 
increase or decrease in mtemational reserves that may diflTer from 
country to country 

As IS well known, the discussion of the demand for mtemational 
reserves is mostly concerned with the stock of reserves rather than the 
flow At any point in tune, however, a movement to a desired level of 
stock can be expressed as a desired rate of change I shall interpret the 
most desired rate of the change in mtemational reserves m this sense for 
the tune being The relationship between the desired flow and the desired 
stock, that is, the relationship between the short-nm and the long-run 
analysis, will be discussed thoroughly in Section IV 

Suppose there are n countries in the system The exchange rates 
between these n currenaes are assumed to be fixed as umty Let D^, Ri, 
and M^ denote, respiectivcly, the money supply due to credit expansion 
by the monetary authority, mtemational reserves, and the demand for 
money of the ith country Then we have 

-f /ij «= Af(, I 1, , n (1) 

Here R, is composed of gold, speaal drawing nghts (SDRs), and reserve 
currency such as dollars * The real demand for money is assumed to be a 
function of national mcome Q and the money rate of mterest r. 

M 

r,). (2) 

P 

where p is the common price level in the world, dL‘ldQ, > 0, and 
dL*ldr, 5 0. 

In order to focus our attention on the strategic structure of the interplay 
of monetary policies, I shall assume, for simplicity, that the effect of 
changing interest rates on the demand for money can be neglected The 

* For discumons of the optimal rate of inflation, see, e.g , Bailey (1936), Phelps (1965), 
and Fnedman (1969). In the actual world, wage and price rigidity would ma^ further 
reduction m the rate of inflaUon below a certam level ui^enrable for a monetary 
authority. Such lituatiom may not be fully eoniiitent with our analyiu below the point 
where the real rates of growth of nationi are exogenously given. However, the strategic 
structure of the interplay of monetary pdiciet would remain almost the same under sudi 
ntuadoni. See n 5 below. 

* For the reserve country, we do not excl u de the poaibility that /I, might become 
negative. For exanqile, if the amount of doUan held by foreign moneuury authorities 
exceeds the reserve asrets held by the Umted States, then it, for the United States will be 
negative. We aaume far ihnplicity that private sectors do not bold any amount of faragn 
cunency, even diou|^ allovring this poaibility does not change our results below. 
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inq>Ucatiani of relaxing this aisumption will be diiciuicd at die eod of 
thii lection. Then, if we differentiate (2) with respect to time, noting that 
dL'/drt » 0 and dividing by M,, we have 


I m ^ I It 

M, M, p 


1. 


(3) 


where i/, denotes the mcome elasticity of the demand for money, i.e , 


nt = 


V ■ 


Define the ratio of the credit expansion to the demand for money m 
excess of the product of the growth rate of real national mcome and the 
income elastiaty as X|, and call it the rate of excess monetary expansion. 
That 18 , 


X, = 


A 

Af. 



(♦) 


Here the growth rate of real national income is assumed to be given 
exogenously,^ and x^ corresponds to the strategy of the ith country in the 
terminology of game theory ‘ Also define the balance of payments of 
country i normalized by its demand for money as Z/, that u, 




A 

M, 


( 5 ) 


Then, by virtue of (4) and (5), (3) is reduced to, by denoting the common 
rate of inflauon ^/p as n, 


z, = X - x„ 1 = 1, , n 


( 6 ) 


Let the total amount of credit money, international reserves, and 
money demanded exuUng m the system be Z), Jt, and Af, respectively. 
Also let IV, be the relative share of the money demanded by country t, 
that IS, 


■ • « 



and 


IV, s M,IM, 




Ml, > 0 


* The endogenouf treatmenl ot the real rate of growth could be conducted along the 
following line The recent theory of the FhilLpt curve tells us that the ievd of Q, a related 
to the diveigence of actual from expected inflauon Suppose that at a given moiaent the 
expected rate of inflauon u fixed, then the level of output can be written Q, w/(x). 
However, since this complicates the (ormulauoo considmbly, we will not go into tbe 
details of it here. 

* Wc do not need to deal exphcidy with the stcnliaauoo qu es t t oo , for our atrasegic 
variable DjM a the monetary Qcpansioa m sd*hsa to tbe monetary rxp a n ss nn due to a 
surplus in the balance of payments. If a country sterilises turpiio, then wc can just treat 
OjM as negative. 
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Define the ratio of the increase in international reserves to the total world 
money as Gji such that On « A/M. 

By the definition ofj>| and w„ we have 


■ 



WfZ, 


A Af, A, _ A 

M, M M 


( 7 ) 


Therefore, multiplying (6) by w, and summing with respect to t, we 
obtain (noting X"-i = 1) 


= Jt - w^,. 


( 8 ) 


Finally, we have from (7) and (6) the following two basic equations 
that are simplified representations of the monetary approach to the 
balance of payments. 




( 9 ) 


z, = n — X, for 1 = 1, , n 


( 10 ) 


Equation (9) indicates that the rate of mflation in the world economy 
depends on the weighted average of the excess supply of domestic credit 
expansion and the increase in international reserves. Equation (10) 
indicates that the balance of payments of a country depends on the 
difference between the weighted average of excess supplies of domestic 
credit of all the countries and its own excess supply of domestic credit 
These two equations are essentially the same as the equations obtamed 
by Johnson,’ with some simplifymg notations here 

Now let us turn to the objective functions of monetary authonties The 
objective function of each monetary authority is assumed to dcpicnd on 
the common rate of pnee increase and on the balance of payments of the 
country Let the utility function of the ith monetary authonty be denoted 
by «*(it, Zi), where a is the rate of inflation common to all the countnes 
and Zt 15 the ratio of increase in international reserves to the money 
demanded of the ith country. 

As explained above, u‘(n, Zf) is assumed to be a strictly concave 
fimction of a and Zf and to have the following properties 


on 

accordmg as a{ $}«{, 

(11) 

¥■ 'SI"- 

dz, 

accordmg as Zi{ 

(12) 


7 Johnson (1972), pp. 1565 If. Here I follow Johnson in that Wi’s can be Tegarded as 
constants at the moment. For sunpbaty, we shall dwell on the continuous vemon of the 
monetaiy approach with smooth adjustment m the money market. For a different 
approach see, e^., Oonibiisch (1973a). 



MOmeTASY linXBinPEMI»HCE 


683 



Fto 1 —Reaction curve with a, > 0 and t, < 0 

Equations (11) and (12) indicate that country i has an ideal combination 
(bliss point) (a„ b^) of the rate of inflation and the rate of increase in 
intcmaUonal reserves The value Oj can be negative for a country that 
prefers deflation, bf can be negauve for a country that prefers a balance* 
of-payments deficit. Figure 1 indicates the indifference map for a country 
with a bliss pomt with Oi > 0 and bf < 0 Indifference curves take 
circular shapies around the bliss point. 

The game situation we have is thus the mterplay of monetary piolicies 
x,'i by the monetary authonUes The reaction curve for country 1 is 
obtained by maximizing i('(x, z,) with respect tox„ under the assumption 
that all other x/s (j 9 ^ t) are given Noting that 

u‘(7[, z,) = «' l»*Xt, Cj, + ^ , 

we obtain 

p- •» + (w, - l)«'i =» 0, 1=1, . « (13) 

dx, 

The maximization condiuon (13) can be rewntten as 

dn *4 w, 

dz, a'l 1 - w, (14) 

a' const. 
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The marginal rate of substitution between the rate of inflation and the 
growth rate of international reserves is equal to Wtl{\ — Wi), which is 
larger for a country with a larger relative size in the world economy. The 
reaction curve is the locus of tangency points of the indiflTerence curves 
to the hnes with slope of Wij(l — w,) From figure 1, which indicates the 
reaction curve, one can see that the smaller a country is, the flatter the 
tangency slope, and that the reaction curve deviates more from the 
horizontal line it = <ij, indicating the preference of the tth country with 
regard to the rate of inflation Smaller countries have a relatively stronger 
impact on their balance of payments than on the rate of inflauon The 
shape of the reacnon curve is aflcctcd by the degree of this relaUve 
strength, which in turn depends on the size of the country From (14), 
Bj and U 2 have the same sign Thus, n > a^ imphes Zi > b^, and so forth 
The country that desires a more stable price level tnes to reduce the rate 
of mflation, sacrificing the target of balance of payments and incurring 
more surplus than is desirable The exact point that a country actually 
chooses on the reaction curve depends on the behavior of the other 
countries The Giurnot solution is given by the intersection of the reaction 
curves (13) 

On the other hand, the Pareto-optimal configuration for the world 
economy is given by maximizing 

/S,U*(7I, «*) 

with respect to atj (i = 1, , n), where the parameter is the relauvc 

importance, or the index of bargaining power, of country k, normalized as 

^ = 1, p,>0 (15) 

Jt« 1 

The first-order condition for the Parcto-optimai configuration is 

^ - PA = 0, 1=1, , n (16) 

*“i t-i 

The Paretooptimal surface, on which a cooperative solution would he, 
IS obtained by varying the weight subject to (15) * 

Sumnung equations (9) with respect to 1 , we obtain, noting that 

zr-i 

E + E - E “ 0- 

k-l *-l ” 

or 

g - 0 (17) 

* MatfaenuticsUy speaking, the Pareto-optunal configuration u obtained by varying 
within the interior of the (n — I) dimensional simplex 
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If the moft desired rate of infUdon for country k u atuined, then 
Hj ■■ 0 Thus, equation (17) indicates that the Pareto-optimal con¬ 
figuration it achieved if the weighted average of the marginal costs of 
inflation is equated to zero * 

On the other hand, summing equations (13) with respect to 1 , we 
obtain 

“'“i ” ^ 

Comparing (18) with (17), we can sec that the Cournot solution does not 
generally he on the Paretian configuration When the nght-hand side of 
(18) it pKMiUve, international reserves and credit expansion have the 
nature of public goods, giving a deflationary bias to the Cournot solution 
When It IS negative, uitemationai reserves and credit expansion have the 
nature of pubhc bads, giving an inflationary bias to the Cournot solution 
For, in the former case of “pubhc goods,” each country welcomes a 
higher rate of increase in total money supply, but each country tries to 
expand its own money supply at a slower rate than others In the latter 
case of “public bads," each country welcomes a lower rate of increase m 
total money supply, but it tries to expand its own money supply at a 
higher rate than others 

Suppose the most desired rate of inflauon is idenocal for every country, 
that IS, a( «* a for any 1 (This includes the case where every country 
wants perfect price subihty, 1 e, <= 0 for any 1 .) Then the Paretian 

configuration is naturally n a Since x is common to every country, v'l 
will have the same sign for every 1 , and accordingly will have the ssune 
sign for every 1 More precisely, if the rate of inflation is larger than the 
optimal (x > a), then every country is getUng more mcreasc m reserves 
than IS desired ( Z / — k , > 0) , if the rate of inflauon is lower than the 
opumal (x < a), then every country is getUng less increase in reserves 
than IS desired (Zi — b, < 0) Take the case where x > a, then 

fSi |.| 

By equation (7), 

c, - 0 (20) 

It is easy to sec that equation (20) implies x > a 

* In this particular Kne, the Pareto-optunal coniixuratKin leAects the aggregation 
of the pre fe r e n ce s of monetary authoriuet In bet, in the ^kcmI caw of quadratic utiBty 
funcuons analysed in the next lectioa, the ^reto-opumal rale of inflation is the weighted 
average of the deaired rates of inflanoo, the weight being the relattve importaace of a 
country. 
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Thus, we can summarize: Si^iposi t/u most distnd raU of u^Udion xs 
idmtKol for each coimtty Then the Cournot solution gives a rate qf is^iatton 
higher (lower) than the most desired rate of inflation if and only if the relative 
increase in international reserves is larger (smaller) than the weighted average of 
desired increases in mtemational reserves In the situation with excessive 
expansion of world reserves, central banks defend themselves against 
reserve accumulation by expansion in domestic credit, thereby increasing 
world inflation (cf Mundcll 1972) 

Under the same assumption of identical let us consider the effect of 
increasing the number of countries. Suppose the nth country is spht into 
two idenucal countries with identical preferences on the rate of inflation 
and the relative increase in reserves, so that it), ^ >» wJ2 (new 

weights being denoted by it), and tt),+j). Then, as indicated by (14), the 
reaction curves of these two split countries deviate more from the Paretian 
line Since the reaction curves of the first (n — 1) countries remain the 
same, the Cournot soluuon will diverge more from the most desired rate 
of infiauon In fact, the same mflauon rate and the same relative balance 
of payments (n, Zi, , i,+„ where 2, = , = ^,) will keep the 

left-hand side of (18) the same, but the absolute value of the nght-hand 
side of (18) will be increased by the introduction of a new weight, 
tt), = tt),+ , (= wJ2) The equality of (18) can be restored only by 
increasing the divergence of ir from the most desired rate of mflauon a 
Thus, splitung a country into two will make the Cournot solution diverge 
more from the Paretian configurauon 

The Stackelberg leadership soluuon can be defined in this n-country 
case as long as a single country, say country 1, behaves as the leader and 
the others as followers The leader maximizes its own satisfacuon level 
t(‘(x, Zi) subject to the reacuon curves of the others 

to,It' 4- (w, — 1)h' 2 =0, 1*2, , n 

The leadership soluuon also does not generally he on the PareUan 
configurauon Whether the Cournot soluuon or the leadership soluuon 
deviates more from the PareUan surface cannot be determined un¬ 
ambiguously, as IS shown by the example in SecUon III This leadership 
soluUon IS of special interest in the dollar-standard system, where it is 
quite natural to regard the reserve country, the Umted States, as behaving 
also as the leader country. Since this situaUon is more relevant in the 
long-run context, we shall deal with the impheauon of the leadership 
soluuon m SecUon IV 

So far, we have neglected the effect of interest rates on the demand for 
money If the rate of interest is changing, and if the interest elasucity for 
the demand for money is not neg%ible, then our analysis will have to be 
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modified To illustrate this, let us take the particular money demand 
function 


which yields 


Pi ' 


— = « — 4 » — 


Suppiose the real rate of interest can be regarded as constant, being 
eventually determined by the time preference of the public Then 


Ml 


jt - Alt* + »j, ^ , 

XI 


( 21 ) 


where 7t* is the expected rate of inflation With adaptive expectation 
n* = y(jt - n*), 

- (1 - Ay) + Ayit'+ 1 ,,^ (22) 

M, Q^ 

From equations (21) and (22), we can esumate the direction of the 
effect of the interest rate on the demand function of money When the 
rate of inflation is increasing, the expected rate of inflation tends to nse, 
thus reducing the demand for money This effect would make the reaction 
curve diverge more from the Paretian configuration to the inflationary 
side On the other hand, when the rate of inflauon is dechning, the 
expectation for price decime is likely to occur, and thu increases the 
demand for money This effect would let the reaction curve diverge more 
from the Paretian configurauon to the deflationary side Therefore, it is 
generally expected that the effect of the interest rate would aggravate the 
divergence of the noncooperauve soluuon from the cooperative solution 
but that the structure of conflict would remain unchanged Accordingly, 
in the next two sections we shall again neglect the effect of the changing 
interest rate 


m. niuatrative ExampleR: Geometrical and Algebraic Asialysu 

In order to facilitate the understanding of the strategic structure of the 
monetary interplay of countries that may have different sizes and different 
preferences, let me present a geometrical analysM of simple cases At the 
same time, I shall denve various solutions under a specific form of the 

With peiiect foresight, x* u equated with a Therefore, a* becomes aem as for as 
the adspuve expectauon formauoo is concerned, so that the roodificauoa in the form of 
(21) IS necessary only when the expected rate la^ behind the actual rate of mflatmn, 
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utility functions of moneUry authorities as a guide to the geometrical 
analysis. The form of the udUty hincdon is 

-Cj) - -[(Jt - <i<)^ + c(z, - j - 1,. ., (23) 

where e represents the relative weight of the balance-of-payments 
consideration as compared with the rate of inflation. The following 
analysis is valid even with different c^s for different countries, with some 
appearance of complication only in the formulae This form of the utility 
function gives indifference curves that are ellipses with axes parallel to the 
(x, z^) axes. This simpliflcadon of the form of the utility fiincdon enables 
us to derive various solutions exphcidy dependent on parameters such as 
a/s, bi's, W|’s, and c 

Now let us start our geometrical analysis from a two-country case 
(n = 2 ) where the two countries are of equal size (in, = 1112 = i). 
Suppose both countries want price stability (a, = 82 == 0) and a 
balance-of-payments deficit < 0, b 2 < 0) Also suppiose the increase 
in international reserves is zero (0^ = 0) Then, from cquauons (9) and 
( 10 ) expressing the monetary approach, we obtain 

n = -Kx, + xj), Zi = i(x 2 - X,), and Zi = i(*i - * 2 ) 

In this simplest case, the rate of inflation is the average of the rates of 
excess monetary expansion, the balance of payments is propordonal to 
the difference of these rates 

The Stackelberg diagram is drawn Lice figure 2, the rates of excess 
monetary expansion Xj and Xj are the two coordinates The line x, = x, 
mdicates the combination of monetary pohcies which would maintain the 
equihbnum in the balance of payments, x, -t- X 2 = 0 indicates their 
combinauon for price stabihty The indifference curves of country 1 arc 
drawn with solid curves, which arc oblique mirror images of indifference 
curves in the (4j, n] plane (sec fig 1 ), the indifference curves of country 
2 arc drawn with dotted curves, which arc oblique transpositions of those 
in the (,Z 2 , it) plane In other words, the x axis in the (.e,, x) plane in 
figure 1 coinades with the line x, = X 2 , and the Zi axis coincides with 
the line x, -f- X 2 = 0 vrith inverse direcuon for country 1 and with the 
same direction for country 2 ** The reaction curve of country 1 is the 
locus of the points where the tangcncy slope to the indifference curve of 
country 1 is horizontal, namely, the best points that country 1 can 
choose, given the rate of excess monetary expansion by country 2 , that 
of country 2 , the locus of the points where the tangcncy slope is vertical, 
namely, the best points that country 2 can choose, given the rate of excess 
monetary expansion by country 2 The Cournot solution N is the 

'' The sk^ of the indiflenmce curvet along the x a 0 locus u +1, and along the 45* 
Une throu^ it is — I 
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Fio. 2,—^Tl»e caie with dj w w — 0, i, < 0, tj < 0, R,, reacuoD curve of 
country 1, Aj, reaction curve of country 2, N, Cournot icdution, L, lemdenhip tnluuon 
with country 1 u the leader, SiSt, Pareto efficient coofiguranon 

mtersection of the two reacoon curves It is a stable solution, as the 
arrows in the figure indicate. The leadership solution T, with country 1 
as the leader is the point where country I’s indifference curve is tangent 
to the reaction curve of country 2, that is, the best point for country I 
on the reaction curve of country 2, the leadership solution with country 2 
as the leader is not depicted but can be defined in a symmetrical way. 
The ParetO'^fficient frontier, or the contract curve, is the locus of the 
points of tangency between the two indifference curves and the line 
segment on w,x, 4- » 0 (or x, + x, b 0 in this case) between S, 

and •$']'. 

From figure 2, representing the simplest case, we can note that neither 
the Cournot solution nor the leadership solution lies on the Paretian 
configuration (contract curve) and that both of them he on the infiatiooary 
side of the Paredan configuration udien and are negative. It u easy 
to see by constructing suiular diagrams that, if both b^ and b^ arc poadve, 
then the Cournot solution as well as the leadership soiutuxi lies on the 
deflationary side of the contract curve If + 6] w 0, then points 5i 
and iTj coincide, the contract curve shrinks to the same pmnt, and die 
Cournot solution and the leadership solution ctuncidc with the same 
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point—the Paretian point We can do similar exercises varying the values 
of a| and aj 

Let us return to the case depicted in figure 2 where 6 | and are 
negative and a| Suppose, however, there is some increase m 

international reserves That is, suppose Gn > 0. Then the price stability 
line becomes + * 2 ) + * 0 , shifting itself in a parallel way to the 

southwest direction The locus showing the equibbnum in the balance of 
payments for country 1 becomes — * 1 ) + Cx *“ *od that for 
country 2 becomes ^(xj — xj) + Gn 0, shifting the equilibrium line 
of country 1 parallel to the southeast direction and that of country 2 to 
the northwest. Accordingly, the indifference map of country 1 moves to 
the south and that of country 2 to the west. Thus, we obtain the Stackel- 
berg diagram as in figure 3. It can be seen that the divergence of the best 
points and S 2 is wider and that the Cournot as well as the leadership 
solution lies farther firom the contract curve as compared with figure 2 . 
However, in the case where both and 62 are positive, the increase in 
Cji will contract the distance between Si and malting the Cournot at 
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well as the leadenhip solution closer to the contract curve. In thu case, 
the increase in international reserve assets contributes to improving the 
property of the noncooperative solution 

Next we shall examine the effect of the relative size of a country. 
Starting again from figure 2 with a, » ~ 0, bi < 0, bj < 0, and 

Gn » 0, what happens to the diagram if it>, u larger than half, that u, 
Wj > and W 2 < i? The fine indicating the balancc-of-paymena 
equilibrium remains the same, but the pnce stability line becomes 
steeper. Indifference curves will be skewed accordingly. From the 
discussion interpreting equaaon (14) m the last section, it can be seen 
that the reaction curve of the smaller country, that is, country 2, deviates 
more from the Paretian configuradon, as u shown in figure 4. Therefore, 
the smaller country could exploit the larger country (see Olson [1965] and 
Olson and Zeckhauser [1966]), as far as the Cournot soludon is concerned. 

The understanding of the above geometricid analysis can be aided by 
considering the specific udlity fiincdon (23) for the case where a « 2. 
The reacdon curves are obtained by solving du*jdxf 0, or 


«"i(« - «i) + e(w, - l)(x, - *,) - 0, 


• •1,2. (24) 
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The Coiirnot solution is the intersection of the reaction curves. The 
values of n, Zt, and can be obtained by solving a system of simultaneous 
equations (24) and (7), that is, 

JC (7) 


Define a new weight for country t as 


(wf]lil - w,) 

i:-, [(«'?)/(! - w.)] ’ 



and the followuig weighted average 

II 

as Yi 

1-1 


b s 




Then we obtain the formulae for the Cournot solution as 


jt = J + - (C* - fc) (25) 

It) 

and 

«. = ** + {n - fli). « = 1. 2 (26) 

c{\ - w,) 

From (25) we know that n equals the weighted average of Oj, the weight 
being the new weight w^, provide that equals the simple weighted 
average of 6, If the increase in international reserve assets falls short of 
the desired increase in intemauonal reserves by the monetary authontics, 
then there exists defiationary bias in the Cournot soluuon, if the increase 
in international reserves exceeds its demand, there exists inflationary bias 
in the Cournot solution. 

The Pareto-optimal configuration, the cooperative solution, is given by 
maximizing 

- E -«*)' + (■'s - W. 

ft-l 

With respect to x, (s = 1, 2) We obtain 
2 

- “ "s)"' + - b^)(w, - ^4,)} - 0, 

i-1,2, (27) 

where Stt is Kronecker’s delta such that ^.1 >■ 1 if k K I and ** 0 if 

* 1 . 


(g A “ I. A > 0^, 


'^This new wei|d*< i* monotooically iclated to w,, the buier country being 
r e p res ente d ntore thma proportionatety m the new wdght. It it worth noting that • 
becomes smaller if a country is divided into Bnallercouiitiiei in the genend case of a > 2. 
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Summing (27) with respect to i (cf. eq. [17]) gives 

A(» - «*) - 0. 

that is. 


2 



On the Paretian frontier, x should be equal to the weighted average of 
tth, weight being the relative importance, or the index of bargaining 
power, of country k. Neediest to say, i docs not onncide with d unless all 
ttf are idendcal or Oi, for all t. Cbmparing (25) with (28), we know 
that the Cournot solution does not in general lie on the Paiedan frontier. 

Similarly, we can derive the explicit formula for the leadership solution 
with country 1 as the leader and country 2 as the follower. For the 
follower, equadon (24) is vahd for t » 2. 

Wi(x - a,) + c(Wi - !)(«, - ^j) - 0 (24') 

On the other hand, firom (7) we obtain 

= C, - io,e„ 


so that (24') is reduced to 

u;*(jt - Oj) - e(G* - + w^b^) *= 0, (29) 

where 

• w ! “*1 

1 — «'2 Wi 

Country 1, the leader, maximizes 

-[(x - a,)* + c(c, - *,)’] 

subject to the reacuon curve (29) By equating the marginal rate of 
subsUtution of the isoquant of the objccuvc function with that of (29) 
between x and Zi, we obtam 


in,(R - a,) — a'*(C| - 4,) •» 0 (30) 

The leadership soludon is derived exphctdy by solving (29) smd (30) 
simultaneously. 

« - 7 [(«»?«, + + ae*(C, - b)], (31) 

A 

«i “ ^ [»iW*(«2 - «i) + *Wi(C* - w,4i) + »***il, (32) 
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where A •= cw] + u)*^ > 0 Whether the leadership solution deviates 
more from the Paretian frontier than the Cournot solution dejjends on the 
values of parameters, particularly the value of c, as is seen by comparing 
(31) with (25) 

Finally, let us consider the case with more than two countries. Suppose 
the relative size of counti^ 1 remains the same, that is, u*| 4> but 

country 2 is divided into two smaller, identical countries with identical 
preferences, that is, Wj to, » If these small countries behave 
passively on the reaction curves, then they will behave identically. The 
slopie of tangency of the reaction curve for the smaller countries is given 
by equation (14): 

«i/»i » i/(l - J) - J/3. 1 - 2. 3. 

Thus, the slt^ of tangency becomes less steep and the reaction curves of 
the smaller countries deviate more from the Paretian line, as is shown in 
figure 5. This tendency becomes more acute if we divide country 2 into 
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many smalicr identical countries. At pointed out by Olson, the increase 
in the size of a group tends to work against the r^timal supply of public 
goods.** 

IV. The Long-Run Implications asul the Role of the Reserve 
Country 

So far, we have carried out our analysis on the assumption that the utility 
functions of the monetary authorities are exogenously given. In particular, 
the value ii, the most desired rate of change in international reserves, u 
assumed to be given. However, if we consider the dynamic process of 
adjusting the actual level of international reserves to the optimal levels, 
d, should be interpreted as a parameter, being dependent on the current 
level of the stock of reserves. To incorporate thu dynamic aspect would 
require a more complex model vrithsophisticated analytical methods such 
as optimal control and the differential game I do not intend m this paper 
to carry out this rather difficult task Instead, I shall clarify the nature 
of the long-run situations where the can roughly be interpreted to be 
equal to the desired rate of mcreasc in intemadonal reserves, and describe 
the process of the short-run adjustment of the ^/s and the strategic 
interplays to this long-run state 

When we deal with the long-run situation, the position of a reserve- 
currency country, that is, the country whose currency u used as 
international reserves, becomes significant, since the reserve country is the 
only country m our formulation whose Rf can be negative In the short 
run, R) can be negauve for any country, and accordingly can be 
negative for any country that regards its current reserve bolding as 
excessive compared with the desired level of stock However, since R, 
cannot be negative for the non-reserve-currency country, 4j for these 
countries cannot be negative m the long run 

In the long-run situauon where the desired stock of international 
reserves is reahzed through nme, let us suppose that the monetary 

' ’ The algebraic analysis in (his section can easily be extended to the fenenl a-oouatry 
case The fortnulae for the Cournot and the Pareuan soiuuon bold true only far the 
indrx-of-mmmation rum from 1 to a. The leadenhip Mlutioa b abo obtained if all 
countnes except country I bdiave as fidlowen In that case, the (aggregated) reaction 
curve along which the leader country, country 1, chooses the most favorable pouit can be 
written ai follows [instead of (29)] 

£ 7"^'' (x - a,) - r Z ■>,(e, - »,) ■ 0 

!■! 1 — lil 

OT, noting (7), 

(«•« - 4») + + *• - C,) - 0 , (290 

where 
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authoriti« try to keep constant the rado of international resoves to 
nominal national income. Then the monetary authorides of these 
countries want to keep** 



Therefore, if we denote the optimal ratio of reserves to nominal income 
as 6i, then on the ideal path 

^,■"'("■^1)’ " -.-''.’■-".I;- 

We can see that, under the given growth rate of real output, the monetary 
authorities of nonreserve countries want to keep the normahzed rtal 
change in reserves as constant. Thus, in the long run, we can redefine the 
preference function of monetary authorities in terms of the rate of 
inflation ji and the real change in reserves (.e, — 9,n) such that 
u'(it, if — OfU) Here J,’s can be regarded as posiuve constants equalizing 
6,QilQi. Since Zj ^ n — x„ the utility funcuon can be rewritten 

«*[«, (!-»,)»- *,] 

Formally, the same thing apphes to the reserve country, except that 
and 01 can be negative Because it is safe to wume 9, is less than umty, 
the analysis in the previous sections holds without any essential change 
except the inclusion of 9, For example, instead of (13), the reaction 
functions can be wntten 

^ = w,u\ + [(1 - 9,)w, - l]uj * 0 
dx, 

The essenual nature of policy interplay remains unchsuiged in the 
presence of the compensabng term for the capital loss (or gain) in 
international reserves ' ’ 

Thus, we can almost regard the analysis m the previous secnons as the 
description of the long-run situation. The only reservadon is that only the 
reserve-currency country, say country 1, can have n^auve bi and that 
the other countries should have positive in the long run IThercfore, the 
Stackelberg diagrams in the long run should be drawn with bi nq(adve 

If the nooreserve countries leant to keep constant the ratio of international r ese rves 
to the ouManding tSomcstic money »uffAy, then ^ a -f %^ilQi 

' * Even in the short-run analysif, capital loss may have to be takoi into account if we 
make the perfect-lores^ffat asMimption But ance italf m cha n ^ n g, we do not fonoaUy 
inoorpotaie it into the modei. 
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and other poiitive. The IcMon we obtained in the previous sections 
is that if 


m 



then world inflation is IiJtely to occur for the case of identical a/s Suppose 
country 1, the reserve country, has a negative and other countries 
posiuve b/'s Then the condition becomes 

M 

Gg + 

Thus, the Cournot solution will lie on the inflationary side if the 
(aggregated) desired increase in international reserves by the non- 
reserve-currency countries is more than matched by the creation of 
international reserves in the form of intemauonal money and the supply 
of money of the reserve currency 

The adjustment process of the short-run to the long-run situation can 
be visualized in figure 2 Suppose, at the iniual moment, country 2 has 
accumulated an excessive stock of reserves and tries to dccumulate it 
Then as well as is negative, leading to the Stackelbeig diagram like 
figure 2 However, when in the process of adjusting, the actual stock of 
country 2 approaches the desired stock of reserves, then frj becomes 
posiuve The postUon of the Cournot soluuon in the long-run situauon 
depends on the relauve magnitude of the absolute value of Wibi and 

In the long run, it is quite likely that the only country that can behave 
as the leader is the reserve-currency country Our analysis implies that, 
if the reserve-currency country keeps b/ negative with a large absolute 
value, then the noncorporaUve solution as well as the leadcrshqi solution 
tends to be inflationary In this respect, the failure of the dollar-standard 
system can be regarded as substanoaliy due to its particular setup of the 
rule of the game that only the Umted States can have a large defidt, that 
IS, a negauve with a large absolute value, and that only she can behave 
as a leader The system would have worked properly only if the United 
States behaved as a benevolent or paternalistic leader considering only 
the world rate of inflation, rather than as a leader in Stackelbeig's 
sense ** 

The example illustrated in flgure 3 suggests the role of the international 
organization. If the mtemational monetary otganizadon sets its relative 
change Gjf in international money to equate the (net) aggrqpite desired 
mcrease in international reserves, that u, 

Mundell (1972, eltsp 16). For a dncMBoo of tht two rmoerpu nf hi>iViihi|i. see 
Hsmsda (I974t). 
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then the noncooperative behaviors of nadonaJ monetary authorities will 
achieve the Paretian configuration, because the Cournot, the leadership, 
and the Paretian solution collapse into a single point In the long run, 
must be positive, so that the optimization through the international 
monetary organization is workable as long as Xi -1 ts nonnegative. 
When the reserve-currency country desires so large an amount of deficit 
that 


R 



or 

R 

-ie,6i > w,b„ 

i-i 

then the role of the international organization to induce the noncooper- 
ativc solution to the Paretian solution is unworkable 

In the terminology of game theory, the intemauonal orgamzation, 
under the favorable conditions mentioned above, can change the payoff 
structure of our monetary game from a game akin to the prisoner’s 
dilemma to the game m which the noncooperaUve solution coinudes with 
the cooperative solution In fact, this is analogous to an approach in peace 
research in poliucal saence that seeks the method of changing the payoff 
structure of the pnsoner’s-dilemma case for the better 


V. Concluding Remarks 

Despite Its simplified structure, I hope this analysis contributes to an 
understanding of the structure of monetary interdependence in the 
fwed-cxchange-ratcs system or a subsystem of the world economy in 
which exchange rates arc fixed among parucipants The examples in 
SccUon III reveal the way the final outcome depends on the aggregated 
preferences of monetary authorities over the rate of inflation and balances 
of payments 

If mutual cooperation is possible, then the divergence of various 
solutions from the cooperative solution, that is, the PareUan configurauon, 
IS not so important. Countries will cooperate to achieve the outcome on 
the Paretian fi^onticr. The only remaining issue, which can become 
pobtically serious, is how to achieve the point on the PareUan surface that 
is relatively favorable to a parucular country—in our context, how to 
achieve the Paretian soluuon with a higher value of fi, for country 1 

CooperaUon, however, is not always possible In this case, in order for 
any fixed-cxchange-rates system to work successfully, the system must be 
designed in such a way that the noncooperative solution, that is, the 
result of individual rational behavior, will not locate itself very far from 
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the cooperative solution. My analysis suggests that there are at least two 
ways of achieving this design One way is to manipulate the rate of 
increase in international reserve assets to match the average preferatce 
for accumulating or decumulating reserves by the monetary authorities 
Another way is to devise a clearing system so as to keep the preferences 
of monetary authoritiet for surplus or deficit to suitable values. 

Finally, let us briefly consider the applicauon of the above analysis to 
the flexible-exchange-rate system As was shown elsewhere, the conflicting 
situation IS mostly eliminated in the system of flexible exchange rates In 
the short run, conflicts over the level of interest rates may occur, and m 
the adjustment process there may be phenomena like the beggar-roy- 
neighbors pohey (Hamada 1974a) But in the long run, where the real 
rate of interest is determined by the ume preferences of the paraapatmg 
nations, even the conflict over the rates of interest is unlikely to occur 
.The above analysis suggests, however, that one possible source of 
conflict lies in a wrong conception of national mtcrests Suppose national 
monetary authorities base their welfare functions partly on the balance 
of the current account rather than the overall account Then some 
monetary authorities may sacrifice price stabihty for an increased surplus 
in the current account by compeuttve devaluation If such a situabon 
arises, the preference for a surplus in the balance of the current account 
ought aggravate world inflation in the system of flexible exchange rates, 
while in the system of fixed exchange rates, the preference for a defiat 
in the balance of the overall account might aggravate world mflabon 
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Migration, Age, and Education 


Aba Schwartz 

Ttl-Avtv Umamifji 


The ih«pe of the eanung»-kge functioo and the way edixaUioa aflecis 
It can explain all the empincally obaerved rdatiODt of migration meaaurea 
to diitance moved, age, and education No other aasumptiona (whitii 
are often made)—tuch aa attributing lower rule avemon and higher 
efficiency of job aearch to more-educated peraona, or higher paychic coat 
of moving to older penona—are needed. The individual’a aearch lor 
joba and the firm’s mrch for emjdoyeo are affected by the shape ot the 
earnings function—and, thus, by age and education m a predictable way. 
In turn, the obaerved aytiematic behavior of the migration measures with 
respect to age and education u responsive to the search befaaviar 


L Introduction 

The interrelationships between migration, age, education, dutausce 
moved, and earmngs are discussed in numerous economic studies. One 
of the earhest is Sjaastad (1961,1962) It has been established that, on the 
average, migrants move from iower-income regions to higber-income 
regions, and that migration flows (controlling for population base) 
increase with education and dimimsh with age and dutanre moved. 
Foiger and Nam (1967), Shryock (1959), and Schwaru (1971) show that 
the ratio of net to grou migration declines with education. 

There is considerable overlapping of mterprcuuons of these findings 
m the economic literature, since many of the studies have their roots m 
human capital theory. However, there are conflicting mterpretatioas of 


This ttudy was sponaoted by the Center fer Htimaii Rcaouiee Roeaich, Ohio Stale 
Uoivemty, and the David Horowiia loadcuie hr the Roearch of Oevele|Mag OBualriei, 
Tel-Aviv Umvenity. I wish to thank O. Neuel far hoon of pen e ti m u ng diiciMiana and 
Nggeatioaa. I am aim indebted to V. Adacoo, T Hatia, J. Davia, and the OUo Stale 
Univcisity tabor Bcooemics Worinhip. 
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some observed phenomena—^particularly with respect to the impact of 
distance. Stoufler (1940) attributed the sizable negative effect of distance 
to “intervening opportunities’*—suggesting that, the longer the distance, 
the more opportunities are encountered by a searching individual.* 
Building on Stouffer’s theory. Levy and Wadycld (1974a} introduced a set 
of distance-related variables they define as the best alternatives and con¬ 
struct as follows. For any origin and any radius of search from that origin, 
the best alternative variable (say, wage) is the largest value the variable 
receives anywhere within that radius. The introduction of these variables 
reduces (in a regression analysis) the coefficient of distance^ (but in no 
way wipes it out), proving that distance is at least partially a proxy for 
alternative opportunities Brennan (1965) attributes the negative effect 
of distance to increasing psychic cost, Schwartz (1973) attributes it to 
diminishing information 

Classifying the migration measures by education generates more con¬ 
fusion Courchene (1970) and Schwartz (1973) established that more- 
educated individuals move, on the average, longer distances. A few 
altcmauve hypotheses have been offered. The efficiency hypothesis sug¬ 
gests that the search-production funcUon is technologically more efficient 
as education increases, that is, given the cost of search, more-educated 
individuals gam more information on faraway jobs The psychic cost 
hypothesis is a two-stage argument It suggests that psychic cost of 
migration increases with distance and that education reduces its import¬ 
ance. Between the two hypotheses, the efficiency hypothesis seems more 
convincmg on the basis of an indirect test performed by Schwartz (1973). 

Recently, David (1974) develofied a comprehensive theory of migration 
as a fiersonal decision-making problem, in which distance moved (migra¬ 
tion) IS but one dimension of a job search—the other being the number of 
searches. In conjunction with other fairly general assumptions, it de¬ 
velops some useful theorems which link the distance moved and the 
number of searches to initial wealth and to behavior toward nsk His 
theoretical framework bnngs forward some more hypotheses when he 
attempts to use his theory to explain certain empirical regularities. The 
dunimshing rate of migration with age can be obtained only by assuming 
that nsk aversion increases with age (or, alternatively, that psychic cost 
increases with age) faster than does wealth Likewise, it must be assumed 
chat more-educated persons arc less risk averse than are less-educated 
persons, in order to obtain the empirically observed phenomena of more- 

‘ Unim we ■sume that an lodividual starts wandenng and stops only when he finds an 
appr opn ate job, the intervening opportunities theory is basically an inlbniuition hypoth¬ 
esis. A test of the intervening opportunities hypothesis was conducted by Miller (1972). 

* The di m i n ii liln g impact of disunce may be purely sutitiical, suioe by construction 
the best alternative variables are monotone fiuiMians of distance. Thus, if the original 
relation of migration to disunce is not linear, the newly added variables will capture part 
of the distance effiect. 
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educated penona moving, on the average, longer distanccf than do lew- 
educated penons. 

Neither the efficiency hypotheaii nor David’s hypotheses have been 
direcdy tested. Moreover, as I show in Section V, the rate of migration 
diminishes faster with age as education increases. This result holds even 
after I account for economic differences among regions in the form of 
the present value of returns to migration by age, by education, and by 
regions. None of the disciused hypotheses can explam this systematic 
variation—which strikingly resembles the systematic variation of earnings 
with age and education (earnings increase faster with age as education 
increases) This similarity suggesu that the vanauon m the rate of 
migrauon (by age and education) depends on the same human capital 
factors which determine the corresponding vanauon in earnings, we 
show that such a dependence does exist Moreover, other empirical 
vanations of the migration measures can as well be attnbuted to the tame 
widely accepted human capital arguments. This um&cd approach ehm- 
inates the need to resort to ad hoc assumpuons for each of the observed 
empincal regulanties 

I cannot and do not claim that the efficiency assumption (or any of the 
other assumpuons discussed earlier) is wrong. Rather, I claim that some 
of the empirical phenomena need human capital arguments to explain 
them and that the rest arc easily explained by the same arguments— 
thereby generating a simpler theory (in the sense that fewer assumptions 
arc needed to account for all the phenomena) Moreover, the human 
capital assumpuons used in this paper are more acceptable on empirical 
grounds, as they are based on an intensive study of the earning function, 
whereas no direct study sheds light on the altrmauve hypotheses discussed 
here 

In Secuon 11 we restate some human capital hypotheses and derive 
some consequences regarding the cost of job switching In particular we 
discuss how age and education affect this cost In Section III we discuss 
the firm’s search for employees, the individual’s search for jobs, and how 
the search is aflccied by age and education In Secuon IV vie derive 
proposiuons on migrauon, age, and education and refer to some corres¬ 
ponding empirical findings In Section V we provide an empirical study 
which specifically relates age, education, the rate of migration, and dis¬ 
tance moved We conclude in Secuon VI 

n 

Formal education provides general skills which are transferaUe; it also 
provides some skills which are specific to a given occupation. 'Further¬ 
more, increased formal education mcreascs the potential of lcamit^( over 
ume through experience on the job. Put differently, certain types of jobs 
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offer inherent opportunities for more and faster promotion as experience 
is gained over time—and the more formal education an individual has, 
the more such jobs are open to him. This on-the-job experience has 
speciiic components. The share of the specific components in the total 
experience docs not decline as education increases, and it is lost if the 
mdividual switches occupations. These arguments are stsuidard human 
capital theoretical explanauons for the observed phenomena that the 
earnings funcUon increases with age, that it is steeper with higher educa¬ 
tion, and that the earnings function of more-educated persons dominates 
the function of less-educated persons soon after they complete thdr formal 
education * 

Assume (for simpliaty of exposition) that in labor market equilibrium 
all occupations requiring the same amount of formal education have 
identical earmngs functions for any age at which the individual starts that 
occupation. Hence, in equilibrium, the earnings function ¥(E,B,A) 
vanes only with the education level E, the age at which the individual 
started that occupation B, and his current (or any future) age A Let 
IS (£) be the age of graduauon when E is the level of required education. 
Obviously B > B(E) implies that the mdividual switched to his current 
job (when he was B years of age) 

Define the eamings-inferionty funcUon of an occupational switcher as 
follows 

L{E, B, A) « Y[E, B{E), A] - Y{E, B, A) (1) 


Our discussion in the first paragraph implies that. 


dL . dL „ d^L 

— > 0 , — > 0 ,- 

dE dB dE dB 


> 0 


( 2 ) 


The present value of L is the opportunity cost of occupational mobility 
Wc now turn to the direct cost of mobility, which may include geo¬ 
graphical mobility as well The cost of geographical mobility is composed 
of elements which do not depend on the distance moved, such as the 
transaction costs of sclhng property in the place of origin and buying 
comparable property at the destination, and the distance-related trans¬ 
portation cost It seems plausible to assume that these cost items do not 
diminish as age or formal education increase * The direct cost of occu- 
paaonal mobility may involve payments for concentrated studies of the 
new skills and for the necessary matenais and books. It seems safe to 
assume that these cost items do not diminish with age or education and 
that, if an interaction between age of switching and education exists, it 
is not nq^adve 


* See Becker (1964) br a comprehensive statement of the human capital theory. 

* This a s s uny thw does not inqily that mobihty is costless. 
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ljetC{E, i?) be the cost ofmobility at age for a penon with education 
level E. Our discussion implies: 


dB 





0 ; 


BBdE 


2 : 


0 . 


(3) 


Finally, let p be the discount rate and T the retirement age. The cost of 
mobility at age B, if the economy is in equilibrium, is; 

Z(£, B) - L(E, B, A)t-dA + C{E, B) (4) 

From (4) we get the cost per unit of time P(£, B) of an occupational 
switcher* at age B, whose education level u E: 


P{E, B) 


Z(E, B) 

dd 


p 

1 - 


Z(£, B). 


From (2) and (3) we obtain: 


dP - dP - d»p 

— >0, — >0;- 

dE dB dEdB 


> 0 


(5) 

( 6 ) 


That IS, in cquilibnum, the per-umt time cost of switching increases with 
the required education and with the switching age. It has a positive 
interaction between the switching age and the required educauon 

It was easier for the sake of exposition to start from equihbtium as we 
defined it in the text, as this freed us from the need to have indexes for 
all occupations However, the result expressed in (6) u qmte generaL We 
restate it as' 

ProposiUon 1. The per-umt tune switching cost of a job-seeking 
individual increases with age at a rate which increases nvith 
educauon * 

ProposiUon 1 considers the switching cost from the job-sccking indi¬ 
vidual’s point of view The argument is symmelnc for the firm’s search 
for employees Assume that indmduab won’t switch unless their switching 
cost is covered by employers; in this case, the cost of switching is trans- 


* Switehing an occiuiauoa nay involve geographical mobility, as diiciaaeJ above. 

* Note that indivuluBls of the uudc age and occvpauoa difitr among thenadvet in 
many rcqiects; thus, Iheir alteraanve con of (wildiing and earnings infcnonty m the 
new job vary. Obviously, see may have two penons holding stmtlar jobs while the al¬ 
ternative COM of switching a higher far the younger. Lthewise, sve may find diat the 
alternative cost of a l es s educated person e xc e eds that of a mos e -odnealed one. The 
arguments developed above relate to the represenutive pesson in each educatson-age 
group. Once the individuals' variatMo is ti^en into considemioa, the propositkxr w 
correct m a staustwal sense. 
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ferred to the employe.»-and h*. the •wne sy^tic behwior with 
respect to age and education of the employees. We sununaiixe as: 

Proposiuon 2: The cost to the firm of inducing potential em¬ 
ployees to switch from other occupations to those needed by the 
firm increases with the age of the potential employee at a rate 
which increases with the required education. 

Equipped with propositions 1 and 2, we now consider the search of a 
firm for employees and the search of an individual for a job. 

m 

Migration m a homogeneous country is primarily a search for jobs. In 
order to understand this phenomenon, we have to understand the 
economic forces underlymg the search process—the forces working on the 
individual who looks for a job and those working on the firm that looks 
for employees 

Our discussion presumes a homogeneous country in terms of the dis- 
tnbuuon of cultural and economic variables Thus, from the job searcher’s 
point of view, jobs are generated randomly over the area The probability 
distribution of the number of jobs and their wage structure—in any 
occupauon, throughout any given period of time—is the same anywhere 
In a likewise simpliiymg manner, to help us focus on the pure search 
behavior, we assume that each firm faces a homogeneous area with no 
region-specific differences m the dutnbution of manpower by specific 
skills or age The agc-cducation-specific conclusions we derive, however, 
arc general Unequal regions will differ only in the sizes of the flows of 
imgrants—producing unequal flows into and out of different regions 
Some regions may be net recipients, whereas others may be net senders 
of migrants ’ 

The Firm’s Search Jar EmpU^s 

The exact market structure in which the firm operates is irrelevant to our 
analysis; it is not important whether the firm is competitive, or whether 
it is oligopolistic or monopolistic Ail we need for the validity of our 
analysis is that the firm minimizes cost when it attempts to attain its 
targets, that the firm’s search process is not costless, and that it is charac- 

Migration ii not neceannly a re^wose to some general measure trf' regional economic 
dilieiciKxs (in a bomognieous country such as the U.S.), but rather a rcqionse to personal 
opportunitMi, this is demonstrated by the fiict diat for any two regions we observe Bow% 
of ndgrants in both directions. In iiict, the net flow is meager even in the pre s e n ce of 
regional diflercBOCs (Sjaasiad 1962). Note ako that the hi^iesi rate of migration is 
observed for the moM educated-persons, for whom regional difloenees are noneaiftent or 
very small (Schwartz 1971). 
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terized (U1(0 sny other producdve activity) by a search-production fiuic* 
tion. Tlw search is an active one. The finn generates information on its 
needs by advertising in labor exchanges, placement offices, and other 
forms of labor markets and media pipelines. It also uses interviews to 
screen these marketplaces for available potential employees with the 
needed skills. 

This search can be extended spatially to mclude exchanges and other 
channels which are farther away, thereby enabling the firm to screen a 
wider area (population base) if more recruits arc needed. The firm can 
increase the number of recruits within a given area by increasing the 
share of the eligible population considered for the job; it does this by 
switching potential candidates to its specific occupational needs—starting 
with individuals having occupational charactemtics closest to those 
required, and going all the way to the periphery of the population 
available for switching We can thus view the search procedure for any 
given occupational requirement as a two<limensional production funo 
tion Its output is the number of needed persons, its two mputs are X, the 
area of search, and S, the share of the ehgible population considered for 
the job 

Note that the technological efficiency of the firm’s search for employees 
does not vary with the latter’s required skills (and thus with their educa¬ 
tion), since any rauonal firm will always use the most efficient technology 
available to it However, economic (allocative) efficiency results m a 
different input mix in the search function for different types of skills In 
particular, the input mix vanes with education 

Whether a search is more /?*mtcnsive or 5-inicnsivc depends on the 
rauo between the corresponding marginal factor costs of the mputs. We 
focus on the way age and education affect this rauo 

If we hold the marginal cost of switching inducemeni constant, then 
the higher the education required to perform a certain job, the smaller 
will be the share of the eligible population that can be induced to switch. 
This follows from proposition 2 (through eq. [6]). First, the cost of 
switching inducement increases directly with educauon Second, the 
marginal cost of switching inducement nses faster with age as the required 
educauon increases, which further decreases the share of those that can 
be induced to switch, given the marginal cost Put another way Given 
the share of those that can be induced to switch (out of the eligiUe 
population), the marginal cost of switching inducement increases with the 
required education. 

On the other hand, in order to increase the areas of search, the finn 
has to dispiatch more recruiting services to more distant locations; the 
associated marginal factor cost is distance related and depends neither on 
the required education nor on the age of the prospective candidates. 

For simplicity, we assume that the pc^Hilation ehgible for twitching into 
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an occupation with a required education level £is all the population with 
education level £.* Let a(£) be the number of penont with education 
level £ per unit area (the population density); the number of 

needed employees of education level £; C(£, N) the marginal cost per 
person searched (if N persons arc needed) of adding one more imit of 
area R to the search (as mentioned earlier, it does not depend on £); and 
P{S, E), the maigmal cost per person searched of increasing by one unit 
the considered share (of the ehgpble population) for switching S. Let 

AT (£)=«(£)/(5. £) (7) 

be the production function of recruits; it is identical for all education 
levels up to a(£) Factors S' and R are the instruments of search (the 
“factors” of production), to be chosen optimally. Here f{S, R) does not 
depend on £, smee the firm uses its most efficient technique of search for 
all the education categories Thus, for any choice of and R, the number 
of recruits obtained differs among education groups only by the cones* 
ponding population density factor, a(£). Our discussion of the firm’s 
behavior suggests the following muumizaUon problem as far as search is 
concerned 


Mm |lV(£) U* C(«. N) du + J^P(r, £) itoj 

- k[a{E)f{S,R) - A^(£)]l, 


where A is the Lagrangian multiplier 

The first-order condition of this problem yields 


( 8 ) 


dS C(R. N) 


Diifcrentiatmg (9) with respect to E yields 

d (dR\ _ P^jS, E) ^ Q 
dE\ds) C{R,N) 


( 10 ) 


The inequality in (10) follows from (6) and imphes that RjS is an in- 
creasmg function of £ for any N ’ Thus, the search becomes more area 
intensive as the required educauon mcreases This docs not imply that 
the actual area of search mcreases; the area also depends on the number 


* In reakty, only a subgroup of the popuUtaoo with cducabon level E is eligible for any 
particular requiniig that level of education If we tahe that into consideration, the 
formal presentation will be more cumbenome, since a job index would have to be in¬ 
cluded. However, the resula denved from the simplified presenudon will be sustained. 

* This result re^pmet/iJS, A) to be a quasuoncave ftinctian, with positive marghsal 
productivities. This in turn requires that holding f coovtant and doubling the area of 
search will at least double the number of recruits (a safe assumption to mai«). 
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of recruits searched for in each education cat^^ory. If the number of 
recruits needed decreases with the required education, the area of search 
may diminish. However, note from (8) (after dividing it by <x{E)) that if: 


y(E’) 

<E') a{E) 


for any E' > E, 


( 11 ) 


the area of search increases with the required education. Inequality (11) 
is logically plausible and is supported by observed migration flows for 
any geographical division * Equations (10) and (11) imply the following' 

Proposition 3: The firm’s area of sciuch for employees to per* 
form a given job increases with the job’s required education. 

Equations (10) and (11) also imply that S (the share considered for 
switching) diminishes with the required education This is due partly to 
the diminishing (with education) set of occupations from which indi¬ 
viduals can be induced to switch, given the marginal cost of switching; 
more important to our analysis, however, is that it occurs because the age 
range for switching diminishes with the required education 

The firm docs not require a specific age-education distribution of 
employees, rather, it needs a specific distnbution of persons by their 
capiability of performing the required variety of occupational tasks It is 
virtually impossible to substitute Icss-eduratcd recruits for recruiu with 
the education required by a given occupation On the other hand, the 
firm can substitute younger recruits for older ones provided they have the 
same (or very similar) educational backgrounds Proposition 2 then 
implies that the ag;e range of the employees whom the firm will attempt to 
induce to switch diminishes with the required education When individual 
randomness is supenmposed on earnings means (for agc-educauon cate¬ 
gories),'proposition 2 implies that—starting with the age at which the 
most educated individuals graduate—the relative frequency distnbution 
of recruits by age declines with age at a rate that increases (m absolute 
value) with education Put another way, the cumulauvc relative fre¬ 
quency distribution of more-educated individuals dominates the cor¬ 
responding distnbution of less-educated individuals. In particular, the 
relative frequency of the youngest age group (m the considered age range) 
increases with education, and the relative frequency of the oldest age 
group declines with education This leads to 

Proposition 4 Starting with the age at which the most-educated 
individuals graduate, the relative frequency distribution of 
recruits by age declines with age at a rate that increases (in 
absolute value) with education. 


“ See, e.f.. Levy and Wadyeb (1974 b). 
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Tht IndwubuU’s Starch for a Job 

The discussion about the arm's lecniiting behavior centered on the 
search-production function. Similarly, we may view each individual's 
search for a job as a trade-off between waiting time and the size of the 
area searched If the individual's strategy is to accept the hrst job which 
meets (or exceeds) his reservation wage,** his waiting time until he hnds 
one diminishes if he searches a larger area. Of course, screening a larger 
area involves a higher search cost, which depends on neither age nor 
education For our purpose, we have to establish how age and education 
affect the waiting time, given the area of search. 

The economic feasibility of switching requires that there be positive 
gains from it By proposition 1 (and equation [6]), the economic feasi¬ 
bility of occupational switching diminishes with age and education; this, 
in turn, limits (within a given area of search) the number of job openings 
which exceed the individual’s reservation price. Thus, increased educa¬ 
tion or age will lengthen the waiting time, given the area of search 
We now proceed with the formal analysis Let /(fi, £, A) bo the ex¬ 
pected waiting time before a job is found that meets the reservation wage 
By our preceding discussion 


if. 

eji 


f, St f. dt 
< 0 , — > 0 , — 
dE dA 


> 0 


( 12 ) 


We choose the following spiecific formulation for t 


R BE BA 


> 0 


(13) 


In effect, (13) claims that doubling the area of search will cut the waiting 
time in half (which is plausible, since doubling the area of search doubles 
the number of feasible jobs) 

Let G be the net benefit per unit of time of switching to another job 
(which meets the individual reservation wage) The net benefit is mea¬ 
sured in utiles and may reflect (aside from the expected pecuniary gains) 
any expected nonpecuniary gains in pleasure For simplicity, we assume 
that G is constant over time Let C be the cost per umt of ume of not 
switching jobs, C is measured in utiles and may reflect (aside from the 
expected pecumary losses) the nonpecuniary agony of having to keep the 
unwanted job. Let f {R) be the cost of a job search associated with areas 
of size R;/{R) is also measured in utiles. Finally, let p be the discount 
rate and T(A) the number of years left to retirement lor an individual 


'' The reservation wage is the mintmal wage which, if ofiered, will be accepted by the 
individual. There is a vast hterature on job search which centers on this strategy. See, 
e.g , Wipple (1973) and Rothschild (1974). 
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aged A. Given C, G, and p, the present value of utility gained from 
switching jobs for any area of search S is: 

/•T(A) 

U{R, A,E)~G\ 

€-**du -/(ff) 

(14) 

Given his expected C and G, an individual of age A and education level E 
attempts to maximize U by choosing the optimal value for his single 
control vanable R Substituting (13) in (14) and maximizing 1/ with 
respect to R yields the following first-order condition * 

fi(E, A) r . fi{E, A)1 

(C + C) «p|^ „ ^ j 

-AW 

(15) 

Differentiating the LHS of (15) by £ yields 



(G + C) ' 1 - P — — - «P 


(16) 

Differentiating the LHS of (15) by /? yields 




.P{E.A)1 

. « J 

(17) 


Note that, if when solving (15) we gel /? > pfi(£, ^), then (16) w positive 
and (17) is negative ** This, together with fnn{R\ ^ 0 (i e , a non- 
diminishing marginal cost of search), implies (a) that the second-order 
condition for maximum is met, and (b) that, holding C, C, and p constant, 
increased education E implies an mcreased area of search R for the first- 
order condition equation (15) to be satisfied Obviously, if G and C 
increase with education, the area searched R increases even further. 
Finally, note that if we differentiate (15) with respect to age A, we get an 
expression which differs from (16) only insofar as Pi{A, E) is replaced by 
^^{E, A) From (13). the sign of this derivative is the same as that of (16). 
We established the following proposition 

Proposition 5 Given the cost per unit of lime of not switching 
and the gam per unit of time of swiichmg, the higher the educa¬ 
tion or age, the larger will be the area searched by a job-seeking 
individual 

' ’ For unipUcity, we Mnune C and <7 to be nonrandom The itaults we obcaoi will not 
be altered when unceitamcy u introduced if risit avemon u not changed with the educa¬ 
tion vanable 

'* Note that, for A < \pt{E, A), the fint-order ctmdition relates to a ttunimum U 
In the general job market, die condthoo R > pf{E, A) u likely to be latished, qtherwiae 
(in view of p being a small fraction), R, the area of search, may be very small which n 
not the case, as u demonstrated by the sixable gnaa migration. Note that as p ajppraaehes 
0, equation (16) will be padave and (17) will be negauve far any R > 0. 
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(1973), which uses U.S. Census decennial data; it was found that, 
ceteris paribus, age does not affect distance elasticity, whereas education 
increases it significantly. Courchene (1970) obtained similar results using 
Canadian data 

Now, consider the ratio of net migration to gross migration. By the 
defininons of these measures, the ratio is restricted to the positive unit 
interval The ratio is zero for any two locations if the flow of migrants in 
one direction exactly offsets the flow in the other, the ratio is one if the 
flow of nugrants is a one-way flow Generally, the closer the ratio is to one, 
the more unidirecuonal is the flow of migrants These ratios reflect the 
d^ee of earnings inequality among regions For any two regions, the 
larger the gap between the eamings-distribution functions (and, thus, 
between the corresponding medians and the other measures of location), 
the more the flow of migrants will tend to be one-way in the direction of 
the economically superior region If two regions arc economically 
identical, the expected flow of migrants m the two directions will offset 
each other and the net migration will be zero 

By proposiuons 3 and 5, the higher the required education, the larger 
will be the area searched by each firm or individual, thus, the areas over¬ 
lap more, generating a marketplace which becomes geographically wider 
Since response to disequilibrium spreads faster within a market than 
between markets, the interregional inequality of earnings (for people with 
similar characteristics) diminishes with education Since the ratio of net 
to gross migration diminishes as the interregional eanungs inequality 
dimimshcs, we have 

Proposition 8 The ratio of net to gross migration diminishes 

with the level of education 

Supporting evidence for this proposition is repiorted in Shryock (1959) 
and Folger and Nam (1967) It is related to measures of regional earnings 
inequality; the relation is tested in Schwartz (1971) 

V 

Rate of Migration, Age, and Education 

The vcrificauon of proposition 6 is based on intcrdivisional migration 
flows m the Umted States as reported in the 1960 Census ** The flows are 
cross-classified by race, sex, returnccs-nonrctumecs, age, and education. 
To eliminate vanations due to differences in sex roles, racial disenmina- 
tion, and the difierent motivations of nonretumees and returnees, we 
consider only white male nonretumees The observed distribution of rates 

'* In table 8 in U.S. Bureau of the Census, VS Cnwu ^ the Peputahen I960, Subiect 
Reports, Educational Attaminenl, Final Report PC(2)-iB (Washington Coveminent 
Pnntuig Office, 1963). 
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of migration by age and by education can reflect a syitematic component 
—due to the corresponding distribution of the returns to migration by age 
and education—which may have r^onal specific component; thus, we 
have to control for this systematic component 

The procedure we use is a multivariate regression analysis for each of 
seven education categories In each category we regress the rate of migra¬ 
tion on age dummies and a retums-to-migration variable. 

The retums-to-migration variable for each age-education group for 
each origin and destination is defined as the simple difference between the 
expected life-spian earnings in the destination and in the origin It is con¬ 
structed on the basis of cross-section earmngs profiles, using the median 
earnings figures for each age-education group in each region These 
median earnings were obtained from the 1960 Census ” 

The results of these regressions for the seven education groups are sum¬ 
marized in table 1. By adding the corrcs[x>nding constant to the coeffici¬ 
ents of the age dummies, we are able to present graphically the rate of 
migration (for the interdivisionai set of migrants) as a funcuon of age for 
a few selected educational groups This is done in figure 1 

Note that 

1 For any educational level, the rate of migrauon declines with age. 

2 The rate of migration for any age increases with educauon This 
result IS hardly surpnsing, since the geographical unit of analysis is a 
census division—and, hence, a long-distance move is implied 

3 While the rate of migrauon increases with educauon, it declines 
more rapidly with age as education increases Whereas the rate of migra¬ 
tion vanes considerably by cducauonal level for the young, this variation 
IS not observable for the older group Tins finding is exactly what is 
implied by proposition 6 

Note also that • 

4 The coeffiaent of the rctums-to-migranon vanable increases with 
educauon Literally, this means that the higher the education, the more 
responsive are people to the available opportumties; however, a more 
appropriate interpretation of this finding—in view of the theory developed 
here—is that the area searched increases with educauon, which m turn 
generates more geographic moves 


Dtstanct Mootd, Agt, and Educatum 

The set of migrants to nonconuguous states is a subset of interstate 
migrants We construct the ratio of noncontiguous state migranu to inter- 


<* Table IS4 in U S. Bureau of the Cmaus, Cmsm /MV, weL 1. 

CkanMSrutau lAr P vfa lah c it , (Waihingion: Covenunem Ptuniag Oflke, 1969), parts 
1-50, 
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2S-» 30-34 35-3» 


40-44 4 5-49 50-54 55-59 60-64 


agt 

Fio 1—Rate of migration, age, and educatioo 

state migrants^® for each age-education group, starting with the 25-29 
age group We regress these ratios on dummies for age groups and educa¬ 
tion groups The regression results appiear in table 2. Note that the co¬ 
efficients of the dummy variables for education groupis increase signifi¬ 
cantly with education—meamng that the ratio of noncontiguous state to 
interstate migranls increases significantly with education (which u the 
implication of proposition 7a) In particular, there is a bigjump m the ratio 
for increments of education at the lower educational range From the 
coefficients of the age dummies, it seems that the ratio decUnes with age. 
However, only the ratio of 25-29 year olds diflcrs significantly from the 
ratios of all other age groups, and by only 5 percent 

Another indication of the more important role of cducatum in account¬ 
ing for the variation of the analyzed rauo is given by the associated 
F-values Whereas the F-value of omitting the education classification it 

’”Theiourceuuble6inXJ S Bureau of the CeiMut, US Caua»s/'lhf 796V, 

Subject Reports, Mobibty for Slates mod States’ Bcooofme Areas, Final Rqairt TC(2)-2B 
(Washington • Govemment Rruiong Office, 1963) 
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TABLE 2 

Aoe, Education, and the RATto o» Gotmououi to NoNOONnououi Statu’ MiORAim 




Aoa 



Ybabs of Sohoouno 



Constant* 

25-29 

30-34 

35-44 

5-8 

9-11 

12 

13-15 

16 


0 535 

0 050 

0010 

0.008 

0042 

0.1 ID 

0.115 

0.120 

0 130 


(41.49) 

(4 10) 

(0 82) 

(0 68) 

(185) 

(7 28) 

(7 72) 

(8.05) 

(8 72) 

91 


* The cootunt ii the ratio of the reference group (45-64 yeart old. with 0-4 yeari of ichoolmg), Nvaluet 
are in parenthcaei 


25 1, the F-value for omitting the age classification is 6 8 Even though 
age IS not particularly significant beyond the age of 30, the direction of the 
age coefficients lends support to the claim that transportation cost and its 
variation with age is not negligible The increased (with age) transporta¬ 
tion cost at least neutralizes the individual’s tendency to increase the 
search area as he gets older 

VI. Conclusion 

The shape of the carnings-age function and the way education affects it 
can explain all the empirically observed relations of migration measures 
(e g, rate of migration, net migration) to distance moved, age, and 
education No other assumptions—such as attributing lower risk aversion 
to more-educated persons, or higher psychic cost of moving to older 
jjcrsons—are needed The individual’s search for jobs and the firm’s 
search for employees are affected by the shapie of the earnings function— 
and, thus, by age and education in a predictable way In turn, the 
observed systematic behavior of the migration measures with respect to 
age and education is responsive to the search behavior 
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Price Dispersion in the 
Government Securities Market 


Kenneth D. Garbade and William L Silber 

Nto) Ytrk Unamitp 


This paper investigates the charactenstics of pnce dispersion in the U.S. 
Treasury tecunties market. AAer a theoretical uesument of why such 
dispemon ousts, empirical evidence u presented vduch shows that 
dupersion u influenced by charactenstics of secunucs (such as vtdume 
and matunty) and by market suf^y-demand conditions (as reflected m 
pnce-level changes) It u also shown that the cost of liquidity servioes 
m a compeutive market is determined by price dispesston and u not 
equal to the bid-ask spread. 


The assumption of a unique equilibrium price vector has been enormously 
useful to economists This simphfication, however, ignores the nature of 
the exchange process Staler (1961) pomted out that for many goods we 
observe competing mventory specialists who stand ready to buy and/or 
sell on demand at prices they have posted These quoted prices will be 
dupiersed over some range, giving an mcenuve for search by public 
transactors Demsetz (1968) observed that the spread between the Ind aiul 
ask quotes of mventory specialists is the price of the "liquidity” service 
they provide. These phenomena of pnce dispersion, search, and bid-ask 
spreads arc ahen to a Walrasian world but appear pervasive in our own. 
Despite tlic ubiquity of such exchange phenomena, only the subject of 


The autfaon are ssustant p ro feww of fiiuuice and p r o fe u r of ecooomiea and finance 
at the Graduate School of Bunnes Adminimuon, New York Univcniiy. They wob to 
thank Alan Lemer, Billy Buttner, and thar awonaiea in the Co vernn ient Trading 
Department at Banker* Trust Company, Tom South of Morgan Guaranty Trust, and 
A1 Wojmlowcr and Dan Donovan at the Fust Beaton Corpermuon for their detaikd 
comments on the tnttituttoni and practioes of the market fiir U.S Treasury sreuntaet. 
Hclpfiil comments were also received from an anonymotn r ef e r ee This r e sea rch was 
supported in part by the reaearch fund of (he Graduate Sdmoi of Bunnea AdnuaisliallDn 
and the Saloinao Brothers Genicr lor the Study of Finaadal Insotutiaas at New Yoik 
University 

^PwhiHtt Kn mim ^j , 1976, vsL 64, no. 4, pi. II 
O 1976 by The Unisttsitr of CSdcsfo. All rigius leswwiS 
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bid-ask spreads has received significant empirical examination in financial 
markets (Demsetz 1968; Tanner and Kochin 1971; Tinic 1972; Tinic and 
West 1974). The empirical characteristics of price dispersion have been 
mvestigated by Jung (1960) in the market for automobiles in metropolitan 
Chicago 

This paper is an inquiry mto price dispersion in the dealer market 
for U S Treasury secunties. The Treasiuy market Is particularly suited 
for empincal work, since it includes trading in a wide variety of similar 
but not identical commodities (issues differ with respiect to maturity, 
amount outstanding, etc ). We can, therefore, ask questions about the 
effects of security characteristics on price dispersion that could not be 
examined if we were inspecting a market for a single commodity 

Section 1 gives a brief description of the Treasury securities market, an 
outline of the causes and effects of price dispiersion and presents the 
hypotheses to be tested. In Section 2 we describe our data base and the 
parUcular part of the Treasury market for which the data are relevant 
Section 3 presents our empirical results on price dispersion Sccdon 4 
presents some estimates of the cost of hqmdity services in the Treasury 
secunties market 


1. The Destler Market in Treasury Securities: Structure and 
Theory 

In late 1974 there were 27 primary dealers in Treasury securities (Hawk 
1974, p 11 These dealers arc inventory specialists who provide markets 
for the immediate purchase and sale ofTreasury bills of almost 40 different 
maturities and over 50 different Treasury coupon issues Although we arc 
examining here the dispersion of quotations made by these dealers, it is of 
interest to note that the presence of a dealer market is itself an efficient 
response to the greater pnee dispersion which would exist in its absence 
(Sugler 1961) In addition to the dealers, there are a large number of 
afhhated participants, including brokerage houses, retail sales houses, 
and information and communication vendors Meltzer and von der 
Linde (1960), Hawk (1974), and the studies m the Treasury-Federal 
Reserve Staff Study (Martin 1969) desenbe the market and its partic¬ 
ipants in some detail 

In this section we outline a conceptual model of the tradmg activities 
of dealers and other investors (defined as all transactors except inventory 
speciahsts) that suggests the detemunants of price dispersion in the 
Treasury market We begin with a formal analysis of the behavior of 
investors who believe that quotation dispersion exists, and who develop 
search rules as a consequence of that dispersion. We then turn to the 
behavior of dealers who are cogmzant of the search activities of in- 
veston and suggest why they quote different prices. We also consider the 
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circumstances under which pncc dispersion will persist as an equilibrium 
condition through time. Finally, we summarize why identical trans> 
actions can and do occur at different prices at the same pomt m time, 
that is, why there is dispersion of transaction prices as well as quotadon 
prices 

a) Investor Search 

Stigler (1961) suggested that the ignorance of an investor as to the 2 u:tual 
condidon of offering quotations m a competitive dealer market might be 
summarized by a probability denuty function,/^ such that the prob- 
abihty of seeing an asked pnce, p (per unit of security), or lower on a 
given dealer contract is fjj) ds We assume in this discussion that the 
investor views all dealers as identical and interchangeable, and thus con¬ 
siders 7], the density fimction from which the quoted pncc of any of the 
potentially contacted dealers is drawn Let be the offering pnce of a 
particular dealer with whom the investor u in contact For the size 
transaction to which our data apply, dealers will usually make their quotes 
good for some maximum length of time, typically a few nrunutes, to give 
the investor an opportunity to check other dealers If the mvestor desires 
to purchase a quantity, V, of secunues, his cost to complete the trans¬ 
action with the dealer quoting ** however, be samples the 

offenng price of some previously uncontacted dealer, the updated 
(random) minimum price will be min (^o, s), where s is the newly 
observed quote Since s is drawn from the density function his expected 
cost after the additional contact is 

C + K r mm (po, di = C + F T sf,{s) ds + Vp^ [“/.(i) ds, 

Jo Jo J,,, 

(1) 

where C is the cost of the additional contact Stigler (1961) suggested 
that a major component of C is the investor’s time 

The investor will stop searching when his current cost, pf^V, is at least 
as small as his exfiected cost after one more contact, implying the existence 
of a reservation offering pnce p* which solves the equation 

Qf" = J" (/>: - (2) 

The investor will accept any quote less than and will continue to search 
if a pnce at least as low as p* has not been uncovered (Telser 1973).' 

' If the investor cannot return to take the oSenng of a dealer after matnmg addittOBal 
contacts, eq (I) does not give the expected coat after one more contact. In the of 
such “nondurable" quotes, eq (1) becomes C Vn„ where a. u the e x pe cte d qtuie 
from any contact The corresponding raervatioo pncc u + C/F, winds is greater 
than pt for all quotauon dutnbuuons 
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From (2) it is easy to show that, for given is positively related to 
the cost of search C and inversely related to the nze of the transaction 
F. It follows that an investor expects to make more contacts the larger 
the business he has to do and the cheaper the cost of search. The density 
function/I need not be an accurate description of the distribution of 
quotes in the market but only a description of how the investor perceives 
that distribution. This interpretation differs from that of Stiglcr but is 
reasonable m the current context. ^ 

For any given percepdon of quotation dispersion, it is possible to 
compute the unit price the investor expects to pay to complete his business. 
This computation permits us to derive the cost of liquidity services in a 
market with competmg dealers quodng dispersed prices. Define 

/.W * (3) 

as the probability of the investor finding an acceptable offering price 
on a given contact and 

A “ J" 4/;(^) (4) 

as the expected quotation from a dealer quoting an offer pnee at least as 
low as the reservation price /i*. Then (as shown in Appiendix A) the 
expected cost per unit is A + ’^he quantity is the price 

expected to be paid, and 1 /PS^ is the expected number of contacts 
required before uncovering an acceptable quote, so that CfFS, is the total 


* ir an invaior enten the markel only irregularly, hu Bayeaan prior dutribuUoo of 
pnoei before making any contacts may be quite flat or diAiuc, re p r e sen ting his ignorance 
of where dealers are quoting For example, suppose the mvestor knows pncct are dupened 
according to a tubonary dittnbutioa paraoieterued by the average quote fi, /t), 
to that 

»■ 

If he knew the average quote, he would know the location of the dittnbuuon of pncct. 
Suppose, however, he bat only tome prior density iuncuoa / for the avenge. Then bit 
perc e pt io n of the ditinbutiaa of prices would be 

/.(/) “ K(.P, i»)tM 

with exhibiting a greater dispeiiioo than A, if both A. and f are unimodal radically non- 
increaiiiig funcuoas. The form of / may he a hincboo of past ex pei tentJ c , with in ktcauoo 
settled, e.g., by observation of avenge dealer prices as comput^ by the Federal Reserve 
Bank of New York and rqnrted daily in the WaU Siml Jsaws f for each Treasury nme. 
After the investor hss made several cootadt, tus mforrostion on price quotatiotii improves 
and we would eiqsect/, to c on v er ge u> the true distributioo h, (tee Stigler 1941). As/^ is 
revised i^eti the acqitkitwa of new iofanaatsoo, the reservation price pf will change. 
Thus, Pf it n fimetfoo of beUefr mbout eonditiaas is the market at at ofajectivc 
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expected cost of learch. A siniilar analyst of the nde of the market 
ihowt that— CI(PS^V) it the expected per umt revenue from the tale 
of a volume V of iccuriUct net of learch cottt (where it the expected 
value of an auxxptable bid and PS^ it the probabihty of teeing an accept¬ 
able tad on a given contact). The quantitiet and PS^ are defined 
analogotuly to (3) and (4). It followt that the expected cott per unit for a 
round trip trantaction, denoted by L, it 

^ - A - A + ciruiips,) + iUPS,)]. (5) 

In a market where there u only a tingle inventory tpedalitt, at on 
the floor of the New York Stock Exchange (examined by Demtetz 
[1968]), the cott of a round-tnp transaction u the bid-atk ^read of the 
ipecialitt plus brokerage conunisstont, since search, by definituHi, it not 
required. For a tecurity traded m a market with competing qieciahstt, 
however, the expected round-tnp cpst it the expected transaction spread, 
plus a term which reflects the cost and extent of searching for 
favorable quotauons The expected hquidity cost, L, may not equal tlw 
bid-ask spread of any dealer and in general will be a function of the size 
of the transaction, the perception of pnee dispersion, and the cost of a 
contact If the volume of the transaction u suflBciently large, the mvestor 
may choose to contact every dealer, so that if there are n market makers 
the cost of hquidity is 

min (p,) — max (p*) + 2nCjV (6) 

In the hmit as V increases, the cost of hquidity services ctmvcrgct to the 
spread between the b€st quotes on either side of the market. On the other 
hand, for small-volume transacbont or for mvestort entering the market 
only infrequently (and for whom the dutnbubon of quotauons is difiute), 
the expected cost of hquidity may be substantially greater. * 

b) Markel-Maket Bthaxnor 

We now turn to a discussion of dealer behavior, with the objective of 
explauung why pnee quotabons on an idendcai issue may difler. There 
are five major reasons underlying the disparity between dealer quotatkms 
at a point in bme. different inventory policies, heterogcneoui cxpectafiont 
of future security prices, instabihty in supply-demand conditioat, diffoent 

1 Thu suggests that those uiveslon who are conccnicd wdih the cost oTIiqiiiduy semcet, 
e.g , cominerctal banks who might have to rcveisc recent parrhsses of sc oitil ies if iaan 
demand proves unexpectedly strong, will, ohm panhu, restrict their i nv e suweiit t to hmet 
which trade on narrow spreads and which are characterued by campaclilaiKniiMa. The 
larger volume of trading m these isues will tend lo further rrittaoe bosh the tpeead 
(Demsetx 1968) and, as we will suggest shortly, the dispetsiaa as weO There it mmiI- 
taneity between trading votume and dispetsiaa as weO as betwee n tnuhag vahane and 
qweads. 
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cost (of trading) functions, and ignorance of other dealer quotes. These 
points are all interrelated to some extent, with dealer inventory policies 
forming the foundation. Each will be discussed briefly in turn. 

At any point in time, a market-making dealer will have in mind a 
desired inventory position The desired level of mventory is a function of 
Its cost of carry (primarily the overnight Federal Funds rate), speculative 
price anticipations of the dealer, and transactions revenues (bid-ask 
spread umcs volume traded). In a market where prices are not changing 
rapidly, dealers probably prefer a long position (net inventory) to avoid 
the premium cost of borrowing securities to deliver on short sales. It is also 
cheaper to sell directly off the shelf than to spend time finding mvestors 
wilbng to lend their securities More generally, active markets encourage 
larger posiuons (since delivery must be made on more sales), and higher 
short-term interest rates discourage latger positions (because cost of carry 
IS higher) 

At any moment m time, a particular dealer may find his actual posiuon 
diverging from his desired position, and he will adjust his quotations 
accordingly He will typically move his quotes further from what he 
believes to be the average price quoted by other dealers the less frequent 
the trading in the issue, since there is a lower probability per unit time of re- 
ceivmg an investor query on such issues Price dispersion stemming from 
inventory adjustments is likely to be iaigest, therefore, for inactive issues 

Even if desired inventory positions and policies are identical for all 
dealers, the random arrival of pubhc tenders may cause temporary im¬ 
balances which will lead particular dealers to quote aggressively on one 
side of the market or the other Rothschild (1973) has termed this phe¬ 
nomenon “different market experiences ” Indeed, if investors arc search¬ 
ing randomly over completing dealers and execuung orders at the first 
acceptable price uncovered, public tenders will arnve randomly at any 
given dealer Unless a dealer is willing to stand on his quotes, he will not 
know with certainty whether an adverse inventory experience is a random 
phenomenon or whether the level of market pnees has changed This leads 
directly to a consideration of expiected price movements and instability in 
supply-demand condiuons as a source of price dispersion. 

When dealers expect prices to change, they will revise their desired 
inventory posiuon and alter their bid-ask quotations in order to attain 
the revised level For example, if a dealer expects bond pnccs to rise, 
he will raise his bid and ask in the hope of attracting additional supplies 
of securities The reverse occurs when bond pnees arc expected to fall 
Diflercnt expectations among dealers of the direction and magnitude of 
pnee movements will lead to quoution dispersion. These diflcnng ex¬ 
pectations can stem from alternative interpretatioru of Federal Reserve 
behavior or from different information on potential investor activity 
received from the firm’s sales force. 
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More generally, a change in a dealer’s inventory will lead to a change 
in his quotes both because the dealer wishes to restore his inventory 
position and because it leads him to revise his estimate of other dealer 
quotes. Dealers will not, however, maintam markedly diilerent quotes for 
long, as substantially lower asking prices or higher bid prices will even' 
tually lead to sharp changes in mventory positions, thereby forcing 
changes in their quotes. 

A closely related source of dupersion is instability in market supply 
and demand condiuons (Stigler 1963, p. 181). Dealers contmuously 
search for optimum quotations m light of their expectations When market 
conditions change significantly, expected future prices change and dealer 
search for new optimum quotations mtensifics Rapid changes m siqiply- 
demand conditions lead dealers to quote prices which are characterized 
by greater dispersion than normal Thus, dispersion may be positively 
related to the absolute rate of change m security prices This effect will be 
relatively more important for longer-matunty issues, since the prices of 
such issues arc more volatile 

Different cost functions also have an impact on price di^iersion. 
Dealers may quote different prices because they desire to do a greater or 
lesser volume of business Consider, for example, a dealer whose marginal 
cost curve (as a function of transaction volume) begins to rise sooner thsm 
that of other dealers. This could be because his back-ofiice operations are 
not as thoroughly automated as those of other dealers or because hu 
capital IS smaller, thereby limiting hu ability to margm hu mventory 
(Time 1972) Thu dealer can limit hu transaction volume by quoting a 
bid-ask spread wider than that of other dealers, so that he quota com* 
petitively on only one side of the market at any point in tunc He might 
change the side on which he u competitive from time to tune, according 
to hu inventory experience, but over a given mterval he expects to do leas 
business than other dealers 

With experience, invators will recognize that such a "onc-sidcd” 
dealer u, ceteru parents, less likely to quote a favorable price than otha 
dealers and, in order to economize on their own search costs, will accord 
him lower pnonty when contacting market makers Thu could lead to the 
dealer occasionally losing touch with the flow of pubhc orders. To main¬ 
tain public mterat m his market, the deala must offa a compensating 
incentive One such mcentive u a reputation for being the highat bidda 
at those tima when he u seeking to buy and the lowat offera when he u 
seeking to sell. Such aggressive, albeit unccrtaui, quotation will lead the 
deala to transact inside the pnea of otha dealen even while he transacts 
less frequently He can, nonetheless, stay in business if hu fixed costs are 
Iowa than those of otha dealers. Thus, market maken with difierenl 
cost functions can exut simultaneously. Quotation diflerenca resulting 
from different spread conventions, and ultimately from diffrient cost 
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Amcdoiu, will appear to investor! as dispersion of quotadons by essentially 
comparable dealers. 

Finally, dealers quote different prices because they are ignorant of the 
quotations of other dealers. In the extreme case, one dealer may be 
bidding on an issue above another dealer's asked price. Although such 
opportunities for riskless arbitrage do occur, they alto disappear with a 
speed pxMitively related to the volume of trading m the issue The more 
trading, and hence search, the greater the probability per unit time that 
some investor will uncover the arbitrage. Such arbitrage essentially limits 
the range of dispersion of quotations to the maximum spread quoted by 
any dealer, since a greater range would imply (for ask prices) that the 
lowest ask is less than the highest ask less the maximum spread, that is, that 
It IS less than somebody's bid Demsetx (1968) and Tanner and Kochin 
(1971) found the bid-ask spread inversely related to trading volume. 
This leads to another reason why quotation dispersion is inversely related 
to trading volume (smee the range of the dispersion is limited by the 
maximum spread) 


c) Quotation Dispersion, Ttatisachons, end Equxhbmtm 

We come now to the question of why dispersion persists as an equilib¬ 
rium phenomenon. Stigler (1961) noted the importance of the rate of 
obsolescence of information An mvestor who determmes that some 
dealers are quoting bid prices in a particular order may find this knowl¬ 
edge of little value when he reenters the market at a later point in time 
Clearly, not every mvestor could proBtably use such earher experience, 
amce if they could, then the least favorably bidding dealers would find 
their purchases falhng off and their inventory shrinking and they would be 
forced to bid more aggressively, thus destroying the serial correlation in 
the bidding order This behavior does not, however, imply convergence by 
all dealers to a smgle pnee, since mvestor supply and demand schedules 
are also shifting through time These shiffs, when coupled with the dif¬ 
ferent market experiences and expectations of the dealers, lead to con- 
tmued dispersion of quoted prices 

The discussion thus far suggests that price quotations by government 
secunucs dealers on identical securities arc likely to differ. The existence 
of search costs implies that otherwise identical transactions can occur at 
the same pomt in time at different prices This is precisely what is meant 
by dispersion of transacuons prices. There u no unique maiicet equilibrium 
price. For very large transactions, it may pay to canvass the entire market, 
in which case there would be a single market price. But for many trans- 
actimis and, indeed, for the size of transactioiu to which our price data 
refer, the phenomenon of dispersion of transactions prices is likely to 
correspond closely to dispersion of quotations. 
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The tMk that remains it empirical: to idendiy the iactm influencing 
the distributkm of prices in the government securities maricet. Before 
we discuss the data, it is utefid to summarize the hypotheses about the 
likely cbaracteristict of price dispersion implied by our theoretical dis¬ 
cussion. The diq>ersion of quotatioiu on each issue should be larger the 
greater the instability m supply-demand conditums. In particular, price 
dispersion on days when the level of security prices is relatively ccmstant 
should be smaller than on days when the level of prices u changing 
significantly. Sirmbu-ly, dispersion on any given day should be greater for 
those securities whose price level is changing most rapidly The character¬ 
istics of the individual security should also affect price dispersion. Idost 
proimnently, the greater the volume traded m a particular issue, the 
smaller should be price dispersion We have also suggested that price 
dispersion (on the bid and ask sides) should be related to the bid-ask 
spread of each issue In the empirical section that follows, these hypotheses, 
and additional ones reflecting specific insututional features of the govern¬ 
ment securities market, are tested 

2. Data Sources 

Published statistics on financial markeu arc relatively plentiful and highly 
accurate compared with (say) data on labor markeu or aggregate 
economic activity In our particular case, however, actual transactions 
pnc« on government securities at a particular pomt m tune arc not 
available Individual dealers do not publish tbcir transactions (nor do 
they publish volume trsuled) A government securities dealer can call 
inchvidual dealers and receive “meaningful” quotations, but this is not 
feasible for a nondeaier merely attempting to continuously sample the 
market without ever consummating a trade 

Accurate data on pnee dispersion are essential for our purposes. Of 
the 27 dealers in government securities, eight publish a daily quote sheet 
which luu for each issue a bid and ask pnee.* Such quote sheet imces 
have been used in studies of the Treasury sccunties market by Rxdl 
(1970) and Fama (1975) If we were to take the written description of the 
quote sheets at face value, we would conclude that they “give closiiig 
markets for marketable Treasury and agency issues Hierc have been 
suggestions, however, that the accuracy of quote sheet data leaves tome- 
thing to be desired. It is said that the quotanons may not reflect mazket 

* Dealen unung quote sheets are Discount Cosporatua of New Yack, Rist Itoaon 
Corporaaon, Salomon Brothen, Bankers Trust Company, Memll Lynch GoscRuneai 
Securities, Inc., Fust National City Bank, Mosgao Guaranty Truss Oosapany, sad 
CStemical Bank. 

* See qf Smmtms qf tin Vmtti Stuts g s isr saa l md Ftimd A f m tm (New Yack: 

Fust Boston Cotporauoa, 1974), p. 135. 
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prices for inactive issues and that the bid>ask spread on the sheets is 
usually wider than what is quoted to an institutional customer over the 
telephone 

Interviews with Treasury security dealers as well as with those 
responsible for compiling the sheet quotations clearly indicate that the 
bid-ask quotes are real paces at which transactions take place for modest- 
size public orders, although not for large institutional trades ‘ The practice 
among most dealer firms is to allow their salesmen to pull quotes “off 
the board” (from which the quote sheet paces are also taken) so as not 
to tie up traders with transactions smaller than $100,000 for coupon 
issues and $500,000 for Treasury bills. 

Using the quote sheets allows us to evaluate pace dispersion in the 
“odd-lot” market for Treasury secunues Among the investors in this 
market are some private individuals, relatively small banks, thrift insti- 
tuuons, and modest pension and trust funds. The bulk of these investors 
do not have sophisticated commumcation links with the dealers, and they 
rely on ordinary telephone service with low fixed but high marginal 
costs to search the market They arc typically infrequent parUcipiants m 
the market, exhibiting a greater degree of ignorance about recent market 
conditions than do larger mvestors They quite likely have more diffuse 
density functions on price dispersion, and hence there is a strong probabihty 
that dispersion of quotaUons on the sheets of Treasury dealers corresponds 
to dispersion of transactions paces for this group of investors This was 
confirmed in interviews with government secuaUes traders and salesmen 

Bid and ask paces on 48 Treasury coupon issues (not Treasury bills) 
from eight government secuaties dealers were collected for the 22 trading 
days m January 1975 These data, tc^ther with supplementary informa¬ 
tion, such as the size of the particular issue, matuaty, and so on, form the 
basis for empincally tesung the proposiuons set forth above. ^ The next 
section rqports on the specification and results of those tests. 

3. Empiricstl Chmracteristica of Price Diaperaion 

The empirical tests of the hypotheses formed in the previous sections 
are divided mto two parts. First, we consider average measures of the 
dispersion of bid and ask prices for each issue dunng the sample month, 

* Inlerviewi were conducted with memben of the fovemment iccuritiet departmenu 
at Banken Trust, Fiiit Boston Corporation, and Morgan Guaranty Trust Company 
Although trading volume u not available im an l■ue•hy-ilsue basis, it is available m 
aggr^ace by matunty claai in the Federal Faaarve BeUetn. In February 1975, dealer 
traiaacoont in secunues of less than I year to matunty were S3 4 biUiaa, between I and 
5 yean, S1.5 bUhon, between 5 and 10 yean, S709 nuUkm, and over 10 yean, $187 
mBbon. 

^ Copies of the quote sheet data are available from the aulhon. The only item not 
taken from the sheets u the voliune outstanduig in each issue, which appean in the 
7>weM7 B^Utm (U.S Treasury 1973. p. 29). 
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ignoring intertemporal phenomena. The lecond let of tetU conuder* 
daily observations on dispersion and their relation to changes in supply 
and demand conditions. 

We investigate the characteristics of price dispersum for Treasury 
coupon securities with a reduced-form model suggested by the structural 
interrelationships among trading volume, bid-ask spreads, and price 
dispersion. The model is formally devdoped in Appendix B. The model 
views trading volume, price dispersion, and bid-ask spreads on securities 
as jomtly determined by the exogenous charactensucs of the securities 
m a framework of supply and demand for liquidity services. The exogenoiu 
characteristics include' the volume outstanding of the issue (vol); the 
maturity of the issue (mat), the seasomng of the issue (season), which 
measures whether the issue is trading actively because it has not yet been 
“locked away” m mvestor portfolios, and whether the issue is a “flower” 
bond (flower), and therefore eligible for payment of estate taxes at par 
value Flower bonds are known to trade relatively infrequently. 

The reduced-form model is 

Z) = -j- vol + mat + Pi season + flower + flsIApI, (7) 

where Z) is a measure of dispersion and |A^| is the absolute change in the 
price of the security The expected signs are < 0, ^2 > 0, < 0, 

> 0, and Pi > 0 The formal derivation of these signs is given m 
Appendix B, but we observe here that the justification u baaed on the 
assumption that greater volume of tradmg in an issue leads to wn a H e r 
bid-ask spreads and more compact disinbuuons of quotes, as hypoth¬ 
esized in Section 1 above 


a) Average Ckaracleruttcs over the Month 

Our initial results on the determinants of the characteristics of dispersioii 
were calculated by averaging daily measures over the sample memth. 
We assume that each bid or ask quotation on a given issue is drawn from 
a density function whose only source of mterday variation is the mean of 
the distribution Let p,(d, 1 , t) be the ofler or ask quote of the Ah dealer 
for the ith issue on day t We assume p,{d, 1 , t) u distributed as 

Pm{^> ». <) ~ /.(^. Mty 0 for ‘f. (8) 

where p, is a mean oflfenng quote on day t. In this case the location, 
but not the shape, of f, may vary from day to day. The shape may vary 
with the issue. 

The sample statistics we considered were con^uted-for each of the 48 
issues and include the average bid-ask spread ; the root of the 
moment about the average quote for n k 2, 3, and 4 (Ma, and ; 
and the width of the 90 percent range of quotes (J^ and about die 



73a 


jouiiMAL or rounoMX boonomy 


TABLE 1 


DnmuaNAim or MotmiLv Avulaos C^uMAcmmm or DamanM 


DeseiKleiit 

Vansbie 

Constant 

In (mat) 

ln(vol) 

SesMon 

Fknver 

R* 

SE 

Ui(Ar2t). .. 

-2.625 
(27 6) 

.3713 

(7.0) 

-.2823 

(4.4) 

-.377 

(2.2) 

.313 

(2.8) 

ESO 

.269 

In(A«J. ,. 

-2.841 

(304) 

.5271 

(10.0) 

-.2208 

(3.5) 

.643 

(3.8) 

.273 

(2.4) 

.893 

.264 

In («») . . 

-1.371 

(141) 

.3630 

(6.5) 

-J672 

(4.1) 

-.912 

(1.8) 

.283 

(2.4) 

.831 

J275 

ln(E.) .. 

-1,621 
(17 9) 

.5173 

(10.2) 

-.2197 

(3.6) 

-.649 
(4 0) 

.230 

(2.1) 

.893 

.256 


-1.894 
(18 6) 

.5129 
(9 0) 

-.1957 
(2 9) 

-.786 
(4 3) 

.353 
(2 9) 

.878 

.288 


average quote. The subscripts b and a refer to the bid and ask sides of 
the market, respectively. 

Table 1 shows esomates of model (7) using the standard deviation of 
quotations {Af2^, Af2«) and the 90 percent range of quotations 
as alternative measures of dispersion. Hie dispersion, maturity, and volume 
variables are expressed m natural logarithms Maturity is measured in 
years and volume in bilhons of dollars of par value. “Season” is a pseudo¬ 
dummy variable defined to have value zero if the issue was auctioned 
earlier than Apnl 1974, unity if it was auctioned in January 1975, and 
an mterpolated value for issues auctioned between those months (larger 
values for “season” mean the security is “unseasoned”). “Flower” u a 
dummy variable with unit value if the issue is a flower bond and zero 
otherwise All coefiicients exhibit the antiapated sign and, with one 
exception, are significantly diflerent from zero at the 5 percent confidence 
level. The average absolute change m price is not included in table 1. 
During earher trials we found this variable highly correlated with the 
volume and maturity variables. The consequent multicolhnearity led to 
unreasonable estunation results. This was not the case with the daily 
results, as we will see below. 

The results of table 1 confirm our hypotheses on the determinants of 
dispersion. In terms of relative mstgnitudes, the elasticity of dispersion 
with respect to maturity is greater than the elasticity with respect to 
volume, but the difference is not significantly different from zero for 
bid quotations. It u significant for ask quotations C*tms parous, the 
dispersion of flower bonds u about 35 percent greater than that of issues 
without the estate tax feature. A new issue has an ask dispersion about 
50 percent of what it would be were the issue fully seasoned and a bid 
dispersion about 70 percent of its seasoned value. 

Table 1 also shows the results of using equation (7) to explain the 
average dealer bid-ask spread on which issues trade (see Appendix B). 
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The estimated dasddtws of spread with respect to maturity (.51) and 
volume outstanding (—. 20 ) arc quite close to the values reported by 
Tanner and Kochin (1971), .52 and —.28, req>cctively, in their study 
of the Canadian govenunoit securities market. We estimate that new 
issues trade on an average spread about 45 percent at large as the tpnad 
of similar but seasoned issues and that flower bonds have a spread 40 
percent greater than ordinary coupon issues. Comparable results «%re 
obtained for a Imear form of model (7) and arc available on request 
flom the authors. The log-linear version, however, was more powerful 
in explaining the levels of the dependent variables. 

Besides the standard deviation, we also considered higher moments 
characterizing the dispersion of quotations. The third moment, measuring 
the skewness of the distribution, is of special interest as a measure td* 
outlying price quotations. Stigler (1963, p 173) hypothesized that ask 
quotations for reproducible goods are likely to be skewed to the right, 
smee sellers have some minimum but no maximum limit on the prices 
they can accept. Analogous rcasomng suggests that, if Treasury dealers 
are confident of being able to buy additional inventory at a constant 
pnee, oflTer quotadons will be skewed to the right, and if they arc confi¬ 
dent of being able to sell secunues at a constant pnee, bid quotadons 
will be skewed to the left 

We computed the third and fourth moments of the distributioD for 
each issue over the sample month Assuming each distribution is homo¬ 
geneous of degree one with respect to its standard deviation but other¬ 
wise invariant with respect to the exogenous charactensocs of the issue, 
the rauo Af3/Af2 is a standardized measure of skewness and the ratio 
M4IM2 IS a measure of whether the dutnbuDon is peaked and has &t 
tails. We found 


M3JM2^ * 

-0 6225* 


(6 34) 

M3JM2, = 

0 1887* 


(171) 


1 4638** 


(3.71) 


1.4443** 


(3.13) 


SE = 681, 

(9*) 

SE = .766, 

(9b) 

SE = 276, 

{9c) 

SE - .284. 

{9d) 


(One asterisk denotes that the (-statistic is <m the null hypothen the 
coefficient is zero, and two asterisks denote that the l-statiMic is on the 
null hypothesis the coefficient u 1.3161 (3)'’’.) 

Bid quotations arc skewed significantly to the left, or to lower *»»*«, 
but ask quouoohs are not significantly skewed toward hagber oflBeriigl 
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quotes. The evidence implies that dealers are more confident of their 
ability to sell securities at a constant price than to buy them at a constant 
price. This asymmetry corroborates the comments of several traden 
that they are less willing to go short in an issue to accommodate a buyer 
than to go long to accommodate a seller. Covering a short position, they 
reason, means they have to locate an owner of a particular issue and 
possibly offer a premitim price to induce him to sell. The demand of a 
buyer, however, can oAen be satisfied with any of several issues, implying 
greater flexibihty on the offer side of the market and hence greater confi¬ 
dence by dealers m their abihty to sell a particular issue. 

The fourth moments suggest that the dispersion of both bid and ask 
quotes is more peaked and has significantly fatter tails than would charac¬ 
terize quotes normally distributed about the mean quote. When added to 
equation (9) coefficients on volume, maturity, and the seasomng and 
flower bond dummy variables displayed statistically insignificant values 
This justifies the assumption of homogeneity used in equauon (9) and 
implies that the shape of the distnbution of quotations about the average 
quote IS determined by the standard deviation charactenzmg each issue. 


b) Daily CharacUruttes 

The effect of mtertemporal changes m supply and demand conditions on 
price dispersion can be mspected by applying equation (7), including 
the term to daily observauons on the range and standard deviauon 

of quotations Usmg daily data permits us to separate out, in the regression, 
observations on dispersion associated with issues that had large price 
changes on particular days but which, on average, were not especially 
volaule We cxpiect that the greater the magnitude of the revaluauon of 
the security by the market, the greater will be dealer uncertainty as to 
the new locauon of an equihbnum mean quote and hence the greater the 
dispersion. Table 2 reports regression results for the daily version of the 
dispersion model Because of the limited number of daily observations on 
a given issue, the range measure m table 2 is the difference between the 
minimum and maximum bid {R^) or ask [RJ) quotes, rather than the 90 
percent range as m table 1 

The coefficients on the maturity, volume, and flower variables m table 2 
correspond closely with the coefficients reported in table 1. The coeffi- 
aents on the seasomng dummy are somewhat larger than the average 
monthly results but are still acceptably close The range and standard 
deviation measures of dispersion in table 2 are computed frotn a sample 
of size 8, while those in table 1 are computed from a sample of size 176, 
so the former are much more susceptible to estimation errors. We expect, 
and find, that the standard error of the regression rises and the explanatory 
power of the model falls when daily data arc used. 
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Dependent 

VanaUe 

Constant 

In (mat) 

In (vol) 

Season 

Flower 

|AFl 

R* 

SE 

ln(Af2,) . . 

-2.692 

.3520 

-.2967 

- 511 

312 

.6357 

695 

.408 

(77 J8) 

(17 72) 

(13B7) 

(8 97) 

(817) 

(5.02) 



In (M2.) 

-2.872 

5188 

-.2271 

-.840 

290 

.2727 

.767 

406 

(83 52) 

(26 25) 

(10 67) 

(14.83) 

(7.63) 

(2 17) 



In (R.) ... 

-1 643 

.3508 

-.3058 

- 505 

.331 

.6061 

.661 

.446 

(43.43) 

(16 13) 

(13 06) 

(8 11) 

(7 92) 

(437) 



ln(l?.) 

-IJ38 

5289 

- 2375 

- 836 

284 

.2471 

.747 

.434 

(49 91) 

(24 99) 

(10 42) 

(13 78) 

(6.96) 

(1-83) 



InCJ) 

-1 854 

.5165 

- 1957 

- 819 

.328 

-.1990 

371 

375 

(79 48) 

(38 S3) 

(13 56) 

(21 31) 

(12 72) 

(2.33) 




The first four equations of table 2 clearly indicate that, when the price 
of a security changes a great deal from the preceding day, the dispersion 
of bid and ask quotations increases significantly. This confirms the hypoth¬ 
esis set forth in the first section regarding instability in supply-demand 
conditions as a source of price dispersion On the other hand, the fifth 
equation indicates that average dealer bid-ask spreads decrease when 
supply-demand conditions are changing This is surprising and contrary 
to our hypothesized relationship On rcviewmg our data, we found that 
the spreads on each issue were remarkably constant during the month 
which formed our sample period We had available 384 senes of daily 
observations (48 issues times 8 dealers) on dealer spreads. Seventy- 
nine picrccnt of those senes showed the same spread on every one of the 
22 days Hence, we do not place much confidence in the effect of price 
changes on spreads reported in table 2 In essence, the negative (and 
significant) coefiicient is a spunous result.* 

The empincal results of this section substantially support the bypotbeaes 
developed in the first section. Dispersion of quotations appears to be 
mversely related to both the volume of trading in an issue (as reflected 
m the maturity, volume, season, and flower variables) and the statulity 
of supply and demand condiuons. Higher moments of the distribution of 
quotations appear to be homogeneous with respect to the standard devi¬ 
ation of the dispersion, with some skewness away from the inside quotes 
and somewhat fatter tails than would be cxpiccied from quotations dis¬ 
tributed normally 

' Evidently our sample period did not mclude any ohaervansiot on etiaiup* u siapply- 
demand that were of sufficient magnitude to lead deakn to widen ifaesr Vie 

believe a longer nmple mterval, which includes sharp breaks in the mariset, wauld show 
a posiuve efiect between |A^ and dealer spreads. 
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4. The Cost of Liquidity Services iu s Competitive Msxhet 

In the second section we observed (eq. [5]) that the expected cost of 
liquidity services in a competitive dealer market ts the spread between the 
expected transactions prices plus the expected cost of search. Both of 
these elements depend upon the reservation bid and ask prices of the 
investor, which in turn depend upon the size of the contemplated trans* 
action, the cost of contacting a dealer, and the pattern of price dispersion. 
In this section we briefly present some calculations on the expected cost of 
hqmdity services for a representative short-term issue (the bjfi of 
February 1976). We assume the investor has perfect knowledge of the 
average bid and offer quotation prices for the issues and that the density 
function from which quotations are drawn is equal to the average density 
function which existed during January 1975. 

The top panel in figure 1 shows that, as the size of a transaction increases, 
the reservation bid and ask prices move closer together The horizontal 
axis IS scaled by volume per dollar cost of contacting a dealer The reserva¬ 
tion price depends only on the C/F ratio and not on the absolute size of 
a transaction, as demonstrated by equation (2) The convergence of the 
reservation prices implies narrowu^ of the expected execution spread, 
but also unphes an increase in the expected number of contacts. Thus, 
the expected cost of liquidity services, shown by curve LL m the lower 
panel, does not dechne as rapidly as the expected execution spread. 

The lower panel also shows the average dealer bid-ask spread for the 
issue, hue BA. As can be seen by the mtersection of LL and BA, for 
transactions above some minimum level the expected cost of hquidity 
services from searching the market is less than the average price of such 
services charged by desders. Using the spread of a single dealer as a proxy 
for the cost of liquidity services overstates the social cost of such services 
as provided by the maritet as a wht^e ’ In other words, our results point 
up the limitations to using the average bid-ask spread as a measure of 
liquidity costs in a competitive market. 


5. Conduaion 

This paper tested, in the context of the Treasury securities market, a 
number of hypotheses concerning the characteristics of price dispersion 
originally set forth m Sugleris seminal article on the economics of in- 

* We ihauld point out that (he reKrvattoQ prices ibovni m fig. I are prohably biased 
toward lande prices relative to actual reservatioD prices of investors. The reasoo u that 
the reservation prices were computed from eq. (2) as the threshold prices at vdiidi the 
expected gainan additional contact u just equal to the cost of the contact. However, 
the oast of the eositact is a known com while the is a random variable. This computsi- 

ticn of the reservation price ignores the impartance of risk in the iavestoris drrisioo to 
contact another dealer. Thia risk increases as rcKrvation prices move toward the inside 
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Toliac (chouaaoda of doltoro of par value) par dollar coat 
of cootactliis a daalar 



Vol«aM (chouaanda of dollars of par valna) par dollar cost 
of contacting a daalar 

Fio 1 —Relauve roervation pnees and expected coat of liquidity Bmce* fix' 5]t of 
February 1976 


formation The empirical evidence confirms the importance of the 
theoretical determinants of price dispersion. Even in the sophisticated, 
well-organized market enjoyed by Treasury securities, the pihenainaia of 
search and price dispersion are present and can be explained by exisdiig 
theoretical models 

For those with some lingering skepticism regarding dtspetskn in such 
a well-organized market, the following quote indicating price dkperrioQ 


of the market and the probabdiiy of an acoepinlile oootact fiA. Dependlac oti the 
wtUingncsi of the investor to aaune nik in search, (he true icaeivaliaa ptioea iriO he 
tomewhere outside of the certainty-equivalent reaErvatieo pnoea. ThMi, fig. t mi rstiM l 
the amount of search by investon and undentates the expe c ted omi of lx{afidity serrioca. 
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in commodities trading—^which takes place at a siitgU trading post, 
called a “pit,” on the floor of an exchange—may be instructive: 

A third kind of “scalp” is geographical within a pit. Pits get 
physically congested and when prices are fluctuating 
sharply . . a “scalper” may hear a broker on one side of 
the put bid a higher price than another broker on the other 
side of the pit oflers The scalper says “done” to one and 
“done” to the other It seems improbable but it can and 
does happien [T A Hiermonymous, The Economus of 
Futures Trading (New York, 1971)] 


Appendix A 

The Coat of Liquidity Services in a Competitive Dealer Market 

This Appendix derives the expected cost of purchasing securities and the ex> 
pected costs of liquidity services in a competitive dealer market characterized by 
dispersed price quotations. The text has already defined the reservation price p* 
of an investor searching over dealer oflieruigs (eq. [2]), the probability PS^ of 
seeing an acceptable offer price on a given contact (eq [3]), and the expected 
execution price/, (eq [4]) If we use these definiuons, the total expected execution 
cost IS equal to 

PS,IC + p,V] + (I - PSJPS,12C + p,V] 

+ (1 - PS,)*PS,[3C + + . , 

where (1 — PS,)* is the probability of failing to sec an accepuble quote in k 
contacts Thus, the expected cost is equal to 

[1 + (1 - PS.) + (1 - PS.)* + 

+ [I + 2(1 - PS.) + 3(1 - PS.)* + ]PS.C 

Now if V(x) ^ 1 + X + X* + for |xj < I, then f'(x) ■» 1/(1 — x) Since 

F'(x) = I + 2x + 3x* + , we have V'ix) =» 1/(1 — x)*, so the total 

expected purchase cost becomes 

p.V + CIPS. 

as staled in the text following equation (4) 


Appendix B 

Derivation of the Reduced-Form Model for Diqperaioti 

As potnied out m the beginning of Section 3, we investigated the cross-section 
characteristics of price dispersion with a reduced-form model suggested by the 
endogenous structural relations among uading volume (T), bid-ask spreads (S), 
and diqsenion (D) We assume that investor demand for dealer liquidity services 
in a particular issue (reflected m the vt^ume of trading in that issue) is related to 
the costs of trading, S and D, and the exogenous characteristics of the issue as 

T— -a^JS — -f- b^ + cu vol + r,}iiMt + season + flower, (BI) 
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where vol i« the volunie outstanding of the issue, mat u the time to maturity, 
season is a variable reflecting whether the issue has been auctioned recently (and 
thus can be said to be unseasoned), and flower is a dummy variable with value I 
if the issue has the privilege of bemg acceptable for payment of esute taxes at par, 
and zero otherwise. We anticipate a ,2 > 0, a,j > 0, r,| >0, and r ,2 < 0 
Dealers have commented that issues trade most actively shortly after tbar auc¬ 
tions, when "season” has its highest value, and decline in trading volume as they 
are placed m the portfolios of long-tom mvestors, so we expect C |2 > 0. The 
so-called flower bonds are known to trade less frequently than issues without the 
estate tax privilege, so u expected to be negative 

We write the schedule of supply of bquidity services in reverse {orm, 

S ■■ -fljiT + *2 + ^21 + *22 + *2* flower + r2si^^l' (®2) 

to emphasize that a given tripling volume in an issue leads to a cotnpcutive price S 
for the liquidity services of a tingle dealer We anucipatc 021 > 0 and C 21 < fl> 
since dealers can make inventory adjustmenu more easily on issues which, erfrru 
panbus, either trade more frequently or are outstanding in greater volume (and 
hence bear lets nsk in making markets in such issues) We alto expect ^22 > fl> 
since dealers bear more nsk, and demand wider spreads, in making markets m 
longer-term issues (Tanner and Kochin 1971) The quantity jA^I u the absolute 
value of the change, from the preceding day, in the average dealer quote on the 
security We expect Cjs > 0, since dealers will demand greater compensation for 
providing liquidity services in issues vdiere supply and d em a nd conditioot are 
more volatile relative to otherwise comparable issues. Dealers also demand greater 
compensation in making a market in flower bonds, since the cost of carrying a 
position in those issues (the current yield less dealer losui rates) is almost always 
negative, as they bear extremely low coupons. We antiapate c 24 > 0 
The reader should note that (B2) u a crots-secuonal price schedule which 
assumes that the aggregate volume of tradmg in all lasucs u cosistant. Should 
Treasury securities in general become more acuve for some exogenous reason, we 
would expect the constant term to rue in the short run to ratioa total demand 
for liquidity services Our sample period u short because our micrest u mainly m 
cross-sectional compantons, and we are unable to estimate the eflfectt of this 
industry supply schedule on the spreads of individual istuea. 

The final structural equation makes dupcrsion a function of the trading volume, 
spread, matunty, and the change in the price level, 

D = 6j - aj,r - o,j5 + cj, mat + (BS) 

where <131 > 0 and 0,2 < 0 for reasons discussed m the text. Since the prices of 
longer issues are more volaulc chan those of shortcr-matunty isnies, any in¬ 
formation known to an investor on relative desder quotations becomes obsolet e 
faster the greater the matunty of an issue. Stigler (1961) pointed out that peimst- 
ence of quotation patterns tends to narrow di^icTaioD, since penatcnce enewiniges 
investment m search elforts. We expect C 32 A ^ tame reason, 

cj, > 0 . 

The system of equauons (Bl), (B2), and (B3) may be wntten ui ttse structural 
form 
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Th« paper inveiugatet vanoui ajpecu cX ouuoo practioe* oa the bane 
of all oUktiaai appearing in lull volumes of eight pnnctpal journals at 
10-year intervals. The growth of the number of atauioos is in good 
agreement with the findings for other fields, and the mean age of 
ataCions declines over tune by about 6 months per decade. Most joumai 
articles have a significant tendency to cite other articles published in the 
tame journal, and the cross-reference patterns are employed to rank the 
journals m terms of importance. An exammattoa of the list of most 
frequently cited authors reveals that Nobel pnzcwiancrt are characteris¬ 
tically on at least one, but most often more than one, list (a decade apart) 
and permits tentative predictions as to who future pmsewinnefs will be. 


1. Introduction 

Recent years have witnessed a fair amount of introspective efibrt anwo^ 
economists This introspection has principally taken the form of various 
examinations of the joumai literature in economics. Most recently, 
Sbgler and Friedland (1975) have examined questions of who cites whom 
among the Ph D’s of certain leading institutions, and Eagty (1975) has 
treated joumal-citabon practices as shedding light on the communicarioos 
network in economics Somewhat earlier, Lovell (1973) estimated produc¬ 
tion functions for the production of economic amda and also analysed 
citation practices from a sample of four journals in 1965 In this wotk 
he also discusses the frequency with which certain authors are cited and 
the age of ated articles, both of these being subjects of interest for the 


I un indebted to numetoui undetgraduate reiearch aasRsnu far rnmhiiig the jimiiuli 
for the ciuuon data, to Roman Tymiak, Joige Viitaino, and Un Qua Chu^ far vatioui 
researehaoutance.tol^ter V Ghandlera^ Alben Rees far calckii^MaKcmnia the 
raw data, and to Gregory C. Chow and Fnta Machhip far eoMUuedve 
Support from NSF grant 43747X is gratefully acknowledged. 
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present paper. Hanson and Weubrod (1972) ecamined, on the basis of 
the Indtx of Econotmc Journals (lEJ), which economists have produced 
the most articles (or pages), either in their lifetimes or in the current 
biennium. Hawkins, Ritter, and Walter (1973) produced a prestige 
ratmg of economics journals on the basis of questionnaire data, and Weber 
(1972) analyzed the journals’ acceptance lags and their reasons for reject¬ 
ing manuscripts. Holt and Schrank (1968), again relying on the lEJ, 
estimated the average growth rate of the journal literature from 1886 
on at about 5 5 percent per year. 

There is no doubt that all these contributions to the economics or 
history or sociolt^ of our disciphne shed much light on just how it 
operates They follow in the tradition of the path-breaking work of de 
Solla Price (1965), who analyzes the incidence of references and the 
decay of citations with the increasing age of an article, based on citation 
mdices of disciplines other than economics He estimates the growth 
rate of the world scientific literature at about 7 percent per year and 
estimates the frequency distnbution of articles by the number of citations 
to them' he finds that 35 percent of all existing articles arc never cited, 
some 49 percent are cited only once, and only 1 percent of all articles 
are cited six times or more 

There are numerous questions one might address to the body of 
econonuc literature m existence Among those that arc of particular 
interest in the present paper are the followmg. (1) How docs the “immedi¬ 
acy factor’’ of de Solla Pnee (1965) change over time, that is, to what 
extent is there a change over ume in the well-known phenomenon that 
recent papers are cited more frequently than older oncs^ To put it in a 
difTcrcnt way, how does the distribution of the ag^e of citations change over 
dme’ (2) What patterns of citation exist among authors publishing in 
the various journals’ (3) Who are the most frequently cited economists’ 

I shall attempt to answer some of these questions by examining citations 
in leadmg econotmc journals at lO-year intervals from 1890 to 1970.' Thu 
procedure has, of course, a number of flaws I have, for example, com¬ 
pletely omitted an examination of references occurring in books- a 
common practice in studies of this kind, but nevertheless a serious omission 
I also take the occurrence or nonoccurrcnce of a citation as a fact from 
which important inferences can be drawn with respect to the age of 
atations, that u, the “memory’’ of the profession as well as the “lame’’ 


* Since vanom inferences are drawn froin the data collected at 10-year intervals, it is 
fisir to adc how sensitive the results might be to the parucular years cboKn To collect 
substantially mote data would have been prohibitively expensive Since particular 
attention u paid to citations ai^ieanng in 1970, coneqxxiding information bom the 1971 
issues of the journals m question was also collected, and I will, wherever indicated, com- 
psuc the 1970 and 1971 results in order to check on the aampluiR variability of the under¬ 
lying data In eaence it will be seen, as u customarily believed, that aetea asn fiat taUm. 
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of various authors. Yet it is clear that as time passes certain concepts 
become so intrinsic to a field fiiat their mention no longer requires 
citation at all. Moreover, intertemporal compansons of citation fi^uency 
of authors must be undertaken only cautiously; smce the absolute number 
of citations grows over time, we may compare citauon frequencies over 
time only in percentage terms or m terms of who is cited most ofien. 
There is clearly a possible source of bus in which journals I have selected 
for examination and a loss of scope m not having identified citations by 
title but only by author, date, and source of the cited work. I am thus 
not capable of retracing de Sofia Price’s study of how ofien reference is 
made to a given piece of work. 

Finally, I must comment bnefly on the underlying article of faith upon 
which this and many other smular studies rest. namely, that information 
of importance is gamed about the development of a field and about the 
significance of the contributors to it by examining the citaaons m the 
field’s hteratuie To put it in a nutshell, I quote Garfield (1963): “It is 
preposterous to conclude bhndly that the most quoted author deserves 
a Nobel prize On this basis, Lysenko and others might have been judged 
the greatest scientists of the last decade The mere ranking by numbers 
of citaUons or the numbers of papiers published is no way to arrive at 
objective criteria of importance” (p 290) Obviously these cautionary 
remarks are well taken CitaUon frequency docs not reveal who wifi turn, 
out to have been a charlatan and which paradigm is soon to be replaced 
by another Yet, since it is difficult to arrive at reasoned historical 
judgments concerning the contributions of recent decades of the quahty 
that, say, Stigler (1965) can confidently make about the eighteenth and 
nineteenth centuries, I am forced to take citatnms at lace value and hope 
that serious error survives but briefly 

SccUon 2 deals in detail with my sources of data and the many um 
comfortable decisions that had to be made in handling them Section 3 
IS devoted to the question of the aging of citaUons, Section 4 to cross- 
reference patterns among journals, and SccUon 5 to idcnufying the most 
cited authors 


2. Data Sources and Principlea of CoUectis^ Data 

The journals which form the corpus of the study are the fbllowiiig: 
Anuruan Economu Rmruw {AER), Journal of Foltbcai Bemota^ (JPE), 
Quarterly Journal of Ecanotmes {QJE), Eeonomu Jounud {EJ), Ettmmita (£), 
Econometnea {EM), Southern Economte Journal {SEJ), and Reomo of Etomamks 
& Statistics {RESTAT). Data were culled fimn all issues of as many of 
these journals as were in existence in the years 1890, iSOO. 1910, I9S0, 
1930, 1940, 1950, I960, and 1970. Citations in sdi articles ajqpearing in 
these years, referred to as source articles, were recorded, with following 
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provisoa and exceptions: (1) Articks that could be identified as primarily 
review articles or as works dealing in a major way with sutgect areas other 
than economics (such as political science or sociology) vnrc omitted. 
The former omission was modvated by the expectation that such worics 
would have unusually numerous references, thus being atypical of standard 
articles m terms of the number of references as well as their overall 
citation practices. The latter omission was justified by the belief that 
mclusion of such works would essentially introduce noise mto the data. 

(2) Articles which are comments on recent articles or replies or rejoinders 
and the hke were excluded on the grounds that the age of references 
contained in them would clearly be biased in favor of the very recent.^ 

(3) A reference appearing in an article was counted only once, irrespective 
of the number of times it was mentioned Thus a reference followed by 
20 foomotes containing “Ibid” would all constitute, for purposes of 
counting references, a smgle reference to what we shall refer to as a 
“target journal” (or book or author) References were classified under 
the eight journals that represent the source journals of the study and 
under the additional categories of “other journal,” “book,” and “Ph D. 
thesis.” (4) References to data sources such as various government 
publications were excluded, as were references to other works written 
anonymously or issued by governmental or other agencies, commissions, 
or committees without explicit indication of authotship (5) References 
were recorded only if they appeared m foomotes and/or in the source 
aracle’s bibhography References to an author and his work appearing 
only in text were omitted, on the grounds that to record all such instances 
would have required an effort of an order of magnitude greater than that 
required for scaruung foomotes. (6) References to authors, even if occur¬ 
ring in footnotes, were omitted if they did not associate the author with 
a specific piece of work. To illustrate the nature of such references, I cite 
footnote 2 on page 323 of dower’s article on “Keynes and the dassics: 
A Dynamical Perspective” {QJE, vtJ. 74 [May I960]). “It u only 
necessary to mention such names as Harrod, Domar, Hicks, Modigharu, 
Samuelson, Goodwm, Duesenberry and Patmkin in order to appreciate 
the significance of this comment.” Clearly, these authors arc being 
referred to primanly because of their written work; but, since there is 
no indication which of their works are the relevant ones, the references 
arc not useful for measuring longevity of articles (although they could 
have been useful for measunng how often economists are cited). (7) In 
some of the early years, r efe r ences are often given without indication of 

’ The data were (aihered by uodeignduate student aaiitants. Although they were 
given reasonably precise gutdelines as to how to resolve dubious cases, spot-cheekuig by 
die author revealed that there are indeed some instances in which I would have decided 
diifaeady. 
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the year of publication. In thete inttancet reaionable efforts were made 
to ascertain the proper dates; if this effort failed, the reforence was 
deleted. 

3. Growth and Longevity 

The basic data are described in table I It gives the total number of 
source articles from which citations were taken and the total number of 
citations to (1) anicles appearing in any of the group of eight journals 
under examination, (2) all articles published anywhere, and (3) all works 
including books The journals selected for examination arc clearly among 
those that in some sense may be thought to be important today Not all of 
them existed in all the years reported The compound annual rate of 
growth of articles in the group of eight u 4 I percent over the 8ft-year 
period This figure is slightly higher than, but not too diflercnt from, the 
growth rate of 3 7 percent implied by Stigler’s (1965) figures (p 41) 
dealing with the total number of aiticlcs published in English journals 
from 1802 to 1853. It is slightly lower than the 3 5 percent growth rate 
reported by Holt and Schrank (1968) for the period 1886-1963 on the 
basis of the IE J This latter growth rate is clearly based on a penod more 
comparable with the one used here and also on a more complete enumeta- 
tion of articles Yet if, as seems plausible, the later decades are character¬ 
ized by a larger percentage of review articles and “communicauons" 
(such as comments, notes, rejomders, and the like), all of which 1 have 
omitted, than the earlier ones, my estimated growth rate would have 
been closer to theirs were it not for the omission We find that the number 
of citauons of journal articles and the number of all citations grow some¬ 
what faster, at an annual rate of 5 4 and 5.1 percent, respectively This 
IS in complete agreement with dc SoUa Pncc’s findings, based on Garfield's 
1%1 Index 2, that the number of citations roughly doubles every 13.5 
yean (implying an annual growth rate of 5 26 percent) In 1970 my 
averag^e number of references per article also agrees excellently with de 
SoUa Price’s (1965) estimate of 15 for articles published about a decade 
earlier in various other fields, although Kaplan (1975) notes that this 
figure IS subject to fairly substantia! vanauon among fields On the whole, 
the number of references per published article has tended to grow ^ 

In discussing the “immediacy” factor—that is, the tendency to dtt 
more recently published works more frequently than edder ones—de 
Solla Price observes that 30 percent of all papers cited are between 1 and 

* The companion of ihe gross figures for 1970 with those far the ypsr 1971, sdecled m 
a check, reveals broad agreement For the latter year the total nuiiil^ of source artirln 
was 438, the number of ciUtKms of the e^t journab cowered here l,7Mv aad theSMal 
number of otalions 5,863, giving a mean number of ettatnm etf' ISJ9. 
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TABLE 1 

Number of Source Artiolei and CrrATiora 


Year 

Number of 
Source 
Arucles 
(1) 

QtaUont 
of the 

8 Jouroali 
(2) 

All Article 
Citationi 

(3) 

AH 

Citauoni 

(4) 

(4) + (1) 

1890 

17 

14 

67 

116 

6 82 

1900 

32 

31 

93 

271 

8.47 

1910 

31 

23 

128 

181 

584 

1920 

51 

67 

155 

252 

4.94 

1930 

104 

141 

478 

1,043 

10 03 

1940 

163 

262 

809 

1,429 

8 77 

1950 

225 

597 

1,347 

7,076 

9 23 

1960 

291 

804 

2.250 

i,2I8 

11 06 

1970 

426 

1,638 

4,414 

6,265 

14 71 


6 years old, the remaining 70 percent being a random sample of all papers 
ever published I examine the immediacy factor and its changes over 
tune by analyzmg the mean age as well as the median age of citaUons 

It IS clear that, in spite of the attractive aspects of dealing with the mean, 
caution must be exercised in attaching too much significance to it. A 
single article dcalmg with the history of thought published in any one of 
the years sampled and referring to Aristotle or even St. Thomas Aquinas 
would inflate the mean unreasonably and would consutute, by all reason¬ 
able standards, an outlier I therefore deal exclusively with trimmed 
means—that is, means of ages of atations less than K years, where K is 
a predetermined number In fact I employ the two values JC s= 75 and 
K = 150. The mean ages of citations and the standard deviations 
trimmed by 150 and 75, respectively, taking all journals together, arc 
displayed in table 2 

The mean as well as the standard deviations for the individual journals 
appear supcrfiaally to change over tune in an essentially haphazard 
manner For each of the four senes, I regressed the dependent variables 
(being either a mean age or a standard deviation of age of citations) 
on tunc, t, with 1890 equal to 1 and incremented by 1 for each decade. 
The results arc shown in table 3. 

The only regression in which the slopic comes near to being significant 
at the .05 level is the one for mean age tnmmed at 75 years. Accordmg 
to that rqpession, the mean age of citations dimimshes by about 3 months 
for every 10-year penod This stausucally barely significant finding is, 
however, inconsequential, since it imphes that the diminuUon of citauon 
age over a century may amount to some 2.5 years.* 

* If we cookfer that Mbaet of dtattom ¥rfaidb contlMs of l efermc c s lo our bade group 
of oghi joumab, we do nouoe ao inciesse la the mean age over lime from meant between 
7.77 and 9.76 in 1990, I960, and 1970. Tbit, however, te not turpntiiig, tince in the tarty 
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TABLE 2 

Mcam and SDi or OrAnoH Aon ro« thb A4iOBU>A‘n or JornwAU 


Ybax 

Mean 

SD 

X - 150 

X - 75 

X - 150 

h- 

n 

1890 

13.23 

12 70 

I6J53 

1538 

1900 

10 31 

904 

14 28 

10 77 

1910 . 

12 01 

954 

1741 

10.03 

1920 

12 62 

10 57 

1898 

14.03 

1930 . 

13 71 

11 51 

20 72 

14B9 

1940 

14.99 

11 19 

22 09 

13 45 

1950 

10.64 

9 57 

15 13 

11.23 

1960 

II 44 

9 77 

17 23 

11.46 

1970 

9.67 

8 27 

1596 

10 72 


If we consider the median age of citations, a rather similar picture 
emerges. From 1890 to 1970, these median figures lue 7, 7, 10, 3, 13, 4, 
6, 6, and 6 at 10-year intervals. The regression of the median ages on 
time yields a slope of — 233 with an esumated standard error of 0 359, 
again suggesting an inconsequential decline in age with Umc that is 
statisucally not significant We note in conclusion that 50 percent of all 
references were less than or equal to 6 years old at each of the last three 
turns of a decade and were less than or equal to 4 years old m 1940—^a 
finding that is again broadly consistent with the more extensive data 
base employed by de Solla Price 

The fact that there is no particular trend in the mean values over tune 
does not imply that the age distribution for all journals m one year is 
essentially the same as that in another year In fact, there arc some rather 
noticeable fluctuaUons in the median from some one decade to another. 
The nonstauonanness of these age distnbuUons has been tested by per¬ 
forming the Kolmogorov-Smimov two-sample test on all possible pairs 
of years. There are 36 such pairs, and, although I well recognize that 
the Kolmogorov-Smimov tests for all 36 pairs arc not independent of one 
another, 1 simply report that the null hypothesis that the age distributions 
of citauons arc from the same parent populauon is rejected in 27 instances. 

This suggests that a more disaggregated analysis may re\’eal some more 
marked patterns in citation practices. Accordingly, I hypothesized that 
citauon practices, and thus the mean age of citatimis, may depend not 
only on Ume but also on several other variables - specifically, (a) whether 
the journal is primarily oriented toward econometnes; (b) svhclher it is 
Bnush, and (c) the age of the journal. We define the variaUe/u as the 


yean the group of journals bad only a very brief past biliary—the obse r ved iacseaR 
the mean age of citations simply reRects the &ct that r tfe re weea sd »1mm> JummW x ftt 

the later yean have an age diMributiaQ suailar to the group of aU sefcreacCB. 


JJ 
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TABLE S 

Rnutn OF Rmumiom or XIbam Aob and SD or Aot on 'nuB 



Inteicept 

SU^ 

A* 

Mean age, K ~ 150. 

.... 13 005 

-.187 

.09 


(1.137) 

(.202) 


Mean age, JC >i 75 .... 

11.478 

-.248 

.43 


(.719) 

(.128) 


SD, JC - 150 

17 163 

.086 

.02 


(1.741) 

(.309) 


SD, A - 75 

. . 13.668 

-.245 

.11 


(1 294) 

(230) 



Non.>~Numben to pawnthawi ara Mtiouiad SEi. 


mean age (trimmed at 75) of atationsm journal I and year f(( » 

X,, as tune (t), Xji as 1 for fAf and RESTAT and 0 for all other journals, 
X], as 1 for EJ and E and as 0 for all other journals, and, finally, x^„ as 
the (mteger) ntunber of decades of existence that journal t has completed 
at time t (x^j^ thus starts with 0 and can become as large as 8 ). Regressing 
j>(, on the x’s yields 

y„ = 11.91 - 0 52xj, + O.lQxj, - 3 47xj, + 0 . 43 x 4 ,, = .37, 

(0 98) (0 25) (1 26) (0.88) (0 25) 

where the numbers in parentheses are standard errors. Time is now 
significant, and the decline in the mean age, holding other factors constant, 
is more substantial, being } ycsur per decade Bemg a Bntish journal is 
highly significant and takes years off the mean age. The age of the 
journal itself u not significant (although nearly so) and has a positive 
influence on the mean age. This is precisely what one would expect if 
articles m a given journal had a notable tendency (as 1 shall establish 
in the next secuon) to refer to articles m themselves; for then the younger 
the journal, the shorter the span of time during which self-references can 
be made 

If we take as our dependent variable the standard deviation of age 
(agam tninmed by 75), we obtain as the regression 

jf, *» 13.88 — 0 97x,, — 0 66 x 2 , — 3 92x3, + 1 05x4,, 

(1.26) (0.32) (1 62) (1.13) (0.32) 

Only X 2 , is not significant. The standard deviation diminishes by about a 
year for each elapsed decade and by almost 4 years if the journal is British, 
and it increases by a year for each additicmal decade of life the journal in 
question hat had. This latter conclutitMi is again consistent with the 
tendency for journal articles to refer to the same journal, since the longer 
the past history of a given journal, the greater the dispersion of such 
'‘self-references” may be. The iact that a journal’s primary orientatian 
is toward econometrics—that is, towtutl a relatively more mathesnadcal 
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bnnch of economici—hu no tignificant influence on either the mean 
or the itandard deviation. 

The overall conclusion is that (a) growth traids and dudon practices 
in the sample analyzed are in rough agreement with the findings of others 
for economics as well as for other fidds and (b) that, as time passes, the 
memory span of our discipline, as reflected in the mean or median age of 
dtations, shortens almost imperceptiUy and statistically not very signif¬ 
icantly, if we take the aggregate of journals, but doa shorten mote notice¬ 
ably and significantly if the analysis is disaggregated by journal. This u 
what one would expect in the light of the increasing volume of scientific 
literature; the more that is published in the present, the harder it may be 
to remain aware of the more distant past. Indeed, it would be mteresting 
to find out whether the enenmous proliferation of works in recent decades 
might not have created a greater frequency of ideas being unwittingly 
rediscovered. Finally, it is also clear that British journals’ citation prac¬ 
tices are markedly different from those of U S. journals and that the age 
of the journal itself does have some influence on the age of citation 


4. Cross-Reference Pmedees 

We have tabulated the percentage of references m each journal and each 
year to every journal m the basic group of eight, to books, to othec 
journals, and to Ph.D. theses. The amount of such tabular material is too 
much to be reproduced here We shall summarize banc tendencies for 
the early decades in general terms and present the enure cross-reference 
table for 1970 only (table 4). For several cross-reference patterns not 
discussed here, the reader is referred to Eagly (1975). 

The first general observation is that the fracuon of total rcfoences 
accounted for by books is highly variable over tune and over journals. 
For, say, AER, this fraction is 58 I percent in 1890, 76.5 percent in 1900, 
25 3 percent in 1920, 54.0 percent in 1940, etc Fairly comparable fluc¬ 
tuations are noticeable for the other journals There is also substantial 
vanauon among journals' thus, in 1930 68.9 percent of the r e fe ren ces in 
JPE are to books, but only 23.9 percent are to books m EJ 

The most interesting aspects of cross-reference tabulations arc, of 
course, the imphed relations amtmg the eight journals in quesdoo. In 
1890 there were only a few journals and references, and cnMa-reference 
patterns are of no particular interest. By 1900 we have AER, JPE, QJS, 
and EJ. References in AER are at this time entirely to books smd the 
category “other journals.” Although over 75 percent of r efe rences in the 
other joumab m 1900 are also to these two catcgorki, these journals 
also cite arucles m themselves and each other. Thw refer ences dinctly 
to the group of eight joumab will be ref e rred to as “group re fe r en ces.** 
References in a journal to an attide in the same journal wiO be r e fe rred 
to as “self-references.” Forty-nine percent td* JPPt gtoap aie 
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■elf-references; the corresponding fractions are 72 percent for QJE and 
71 percent for EJ. The picture does not change dramatically in 1910: 
at this time AER begins in a modest way to have group references, and 
JPE'% percentage of self-references rises to 86 percent. Self-references 
decline proportionately by 1920, although they account in each journal 
for the ungle largest percentage of group references. With relatively few 
exceptions, it continues to be generally true that self-references constitute 
the single largest percentage of group references Certain obvious mtel- 
lectual debts are noticeable, however In 1930 E refers to EJ twice as 
often as to itself, while EJ refers to E not at all; in 1940 EJ refers to itself 
three times as often as to £, while the latter refers Xo EJ somewhat less 
than that In 1950 EJ refers to itself almost five times as often as to E, 
while E refers to itself and EJ about equally often With some variationt, 
this pattern contmues to hold for later years as well The entire cross- 
reference pattern for 1970 is duplayed in table 4, showing the percentage 
of references occurring in the journals luted on the left to the taigets 
listed on top It is clear that, within the subset of references we called 
group references, self-references are the most numerous, with the sole 
excepuon of SEJ If citations are taken to be a sign of intellecrual debt, 
then we must conclude that authors tend to submit articles to, and get 
them accepted for publication by, journals to which their intellectual 
debt is greatest. Among those seven journals where the self-references are 
the largest in the set of group references, the fraction of self-references 
ranges from a low of 23 1 percent for QJE to a high of 59 7 percent for 
EM, with all others clustered between 27 and 38 percent. * 

A final observation that can be made from this table is that one may 
think of each source journal’s reference frequency to other joumab as 
ranking those journals in the group of eight in terms of their importance. 
If we average the ranks for each target journal (a crude measure, to be 
sure), we obtain the following mean ranks 

AER I 14 

RESTAT 3 07 

EM 3 14 

JPE 3 21 

QJE 4 00 

EJ 4 71 

E 5 71 

SEJ 7 00 

’ Croa-Tefercnce patterns are very tumUr in 1971 There is some variatkn in the per- 
t^tages, but no baiuc pattemi change. Self- r e fci en cei anil predocninate e a cept in the 
case of SEJ The self-rrference frequency for AEE u 13.6 peroeni, JPB lOA peroent, 
EM 14 4 percent, etc. The JPE is the second moat Irequoniy refa red to josmuU by 
AER and convendy, exactly as in 1970. The overaJJ ftncuon of rriesmeet in dse variosa 
journals to journals m the group of eight changes by only a few pesceniafe poiaa. The 
SEJ suU lefen to AER and EM most frequendy, the relevant frfqnwfsti be^ 8.7 wad 
5 I percent. Overall, the agreement becwm the 2 yean it very good. 
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The reader may form his own conclnaions a* to whether this rank order is 
reasonable. 

5. Who Axe Cited Moat Often? 

From my data base it was reladvely easy to determine who are the writers 
cited most often. In fact, for each year I determined the 50 most frequently 
cited authors, irrespective of whether they are cited for journal contri¬ 
butions or books. I nevertheless report only the top approximately 20 
of each turn of the decade since 1920. I ormt the early years, since the 
total number of citations is extremely small then, and the number of 
citations of any one author is negligible, except for the top three or four. 

I shall not, however, pass by the early years without at least a brief 
comment Stigler (1965) presents a table (pp 34-36) of 56 important 
English economists active in the period 1777-1915 Few would argue with 
the soundness of his list If we now consider, among the 50 most frequently 
cited authors in each of the years 1890, 1900, and 1910, those who have 
been ated more than once in any one of these years, we find that the 
overlap with Stigler’s list is extremely small and extends only to Caimes, 
Caiman, Edgeworth, Jevons, Malthus, McCulloch, J S Mill, Ricardo, 
and Smith (Some non-English economists of note cited more than once 
include Bdhra-Bawerk, J B. Clark, Ely, Fisher, Taussig, Vcblcn, and 
von Wieser.) 

In table 5 I report the approximately 20 most frequently cited authors 
for the remaining years The reason for the approximation « that there 
are numerous tics—I do not want to omit any author with as many 
citations as another already on the list. The fact that I report approx¬ 
imately the same number of authors for each year implies that the group 
becomes more and more select as the decades advance, since the number 
of economists, articles, and citations has grown significantly Being m the 
top 20 in ] 920 is clearly not so great a disunction as being in that group 
in 1970 For this reason, I biased the list so that it tends to include a 
slightly larger number of names m the later yean. Clearly, it is arbitrary 
where I cut the lists—nevertheless, a few generalizations may be permitted 
(1) With the exception of Myrdal and Kantorovich, all Nobel pnze- 
wmnen appear on the list at least once—moat of them two or three tunes. 
If frequency of appearance on the lists is any guide toward predicting 
Nobel prizewmnen, the top candidates for a prize in the near future are 
R F Harrod and J Robinson (3) and then, with two appearances each 
and in alphabetical order, W. J. Baumol, M. Fnedman, G. Haberler, 
H G. Johnson, L. R. Klein, F. Machlup, R. Solow, and G. J. Stigler.* 

* The cutoff pouus on the list happen to be so selecteit that, if we i n c lu d e d one addi- 
tioosl grovqi of names aU tied with each other in 1950, otie in 1960, and one in 1970, no 
author who has one mention or none on the present Usi would advance to the category of 
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(2) The econometridans compote a very large proportion of the list in 
1970, accounting for a third of the names. (3) The only institutions with 
more than one name on the list for 1970 are the University d*Chicago (6), 
Harvard University (5), the Massachusetts Institute of Technology 

(3) , and Northwestern University (2) These four insUtutions account for 
two-thirds of the list in 1970. (4) If a name appears on three w more 
consecutive lists, a tyjncal pattern (although by no means the only one) 
is established and is what one would expect, that is, the person starts 
out low, rises, and then declines Examples arc Keynes, whose ranks at 
four consecutive turns of a decade are 11 (tied), 1 (tied), 2, and 15 (tied), 
Samuelson, with 2, 1, and 4; and Harrod, 20 (tied), 14 (tied), and 15 
This same pattern is in fact evidenced by cases where a name continually 
rises on the list and then suddenly disappears or starts high, having never 
before appeared, and sinks steadily (e.g, Hicks, 1, 3, 4, and 25 [tied]). 

(5) The fields of microtheory, macrotheory, and econometrics account 
for nearly the whole list for 1970 as well as earlier years. This appears 
amply to justify the emphasis of graduate curricula on these three areas. 

(6) Hanson and Weisbrod (1972), in their “economists’ hall of lame,” 
list the “current batting champions” in terms of most articles published 
in each of the four biennia 1960-61, 1962-63, 1964-65, and 1966-67. 
The umon of the four lists includes a total of 51 different names and repre¬ 
sents a total of 508 articles (neglecting the possilnlity of two or more 
persons on the lut having coauthored articles) If our earlier findings are 
correct, namely that in 1970 the mean age of citauons was less than 10 
years and the median was 6, then this pool of articles and authors represents 
the group that has in some sense the highest pirobability of bong cited 
frequently in 1970 Alas, this is not the case for roost of those in Hanson 
and Weisbrod’s list of “current batung champions ” The overlap with 
our list of most frequently cited authors consists only of Balassa, Baumol, 
Gnliches, Johnson, Jorgenson, Modigliam, Samuelson, and Srigler 
It must certainly be true, as we have always suspected, that the quantity 
of our output does not ensure that it will be remembered ’’ 


two or more menUoiu It may be noted that an earlier drah oT thu paper waa writiea 
prior to the aimounoemem of the 1975 award of ihc prue, in that vemoa, Koopmam 
was among those predicted to receive il 

’’ It IS relevant to inquire how the rankings and some of the cosichaKaa would have to 
be modified if 1971 data had been used instead of 1970dau. (I) The 26 moat fireqoentiy 
cited economists in 1971 inchsde 21 who made Ihc lop 26 in 1970, with J Qhagwati, 
J M Buchanan, F M Fisher, T C Koopmans, and H. Uiawa repUcuig five oamts 
from the second half of the 1970 list (2) The rank corrdauon (Speannan's rho) berwe eo 
the ranks of the 21 on both lists u 0 significantly diffcmit fiom rero at the 01 level 
(3) No change u needed in any of the quabuuvr coodussans ab^, except diat Yale 
would have jomed the ocher insttiunons with more than one name on the list and chat 
F M. Fisher would be added to Che overlap between the 1971 list of the top 26 and the 
Hanson-Weisbrod list of "cuneol batung charapiona " Overall, the agteemeiM b t twees t 
the two sets of results is excellent and sampling vanabihty negligibk. 
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TABLE i 

AppmoxniA'm.Y 20 Ma«r Fuq^uimtly Omo EaoMOMim 


1920 


1930 


1940 


C. Gtm 

12 

A. Marshall 

11 

J. R. Hicks* 

22 

H G. Moulton 

9 

J M. Keynes 

11 

J.M. Keynes 

17 

A. C Pigou 

W. S. ThomiOD 

6 

H L. Moore 

10 

F. A. Hayek* 

16 

6 

F. H. Hansen 

8 

F H. Knight 

13 

P F. BruMnden 

5 

A. C. Pioou 

8 

E Ginsberg 

12 

A. Marshall 

5 

L. Robbins 

8 

A H Hansen 

12 

W. C. MitcheU 

5 

F. W. Taussig 

8 

J. D. Black 

11 

J. S Nichobon 

5 

G Davenant 

7 

R Fnsch* 

11 

£. G. Nourse 

5 

H. G Moulton 

7 

G. Haberier 

11 

F. W. Taussig 

5 

W. Petty 

J A Schumpeter 

J Viner 

7 

N. Kaldor 

11 

P H Douglas 

1 Fisher 

4 

4 

7 

7 

J. Tmbergcn* 

M Ezelael 

11 

10 

L. H. Haney 

4 

N. AUen 

6 

J M aark 

9 

J M. Keynes 

W F Ogbum 

4 

H. G. Brown 

6 

P H. Douglas 

J J Spengler 

T. Balogh 

9 

4 

E Fnckcy 

6 

9 

E. R. A Sehganan 

4 

P Wickateed 

6 

8 

O A. Tomkins 

4 

P G. Wnght 

6 

E D. Etonuu' 

8 

S Webb 

4 


J Robinson 

8 





J Viner 

8 





J R Gommons 

7 





R F Harrod 

7 





F. Machlup 

7 

Toul 

18 


17 


22 


1950 


I960 


1970 


A. Schumpctor 
A Samueuon* 
R Hicki* 

G Muchell 
H. Hamen 
A. Mettler 


Machlup 
Ijuiae 
Manhall 
H Schlichtcr 


F. H Knight 
W W Leontief* 
E D Draur 
R F. Hamid 
E Ginabeig 
1 M Keynea 
V Pareto 


A C Pigou 
J. Viner 
C. Clark 
F D Graham 
G Haberier 
T. C Koopmam* 
J Robinson 


42 

38 

30 

23 

21 

21 

17 

16 

16 

15 

14 

14 
13 

15 
12 
12 
12 
12 
12 
II 
II 
II 
11 
11 


Total 24 


P A. Samuelson* 

42 

K J Arrow* 

68 

M Fnedman 

35 

M Fnedman 

68 

L R. Klein 

33 

R M Solow 

53 

J R Hicks* 

28 

P A Samuelson* 

51 

H A. Simon 

26 

j Tobin 

48 

R. Fnsch 

25 

Z Gnliches 

41 

J Robinson 

R M Solow 

25 

24 

D W Jorgenson 

F Modigluuu 

H G Jonnson 

H B Chenery 

38 

38 

J M Keynes 

21 

37 

A MarshaU 

21 

36 

L A. Metzler 

20 

M Nerlove 

33 

W j Baumol 

R Dorfman 

19 

L R Klem 

31 

19 

H Theil 

29 

G. J Stigler 

19 

J Johnston 

26 

R F. Harrod 

18 

E S Phelps 

26 

K J Arrow* 

17 

A Zellner 

26 

H G. Johnson 

N Kaldor 

17 

O Eckstein 

25 

17 

R Eisner 

24 

S Kuznets* 

17 

G J Sbgler 

24 

A W. PhiUips 

17 

G.S Becka 

23 

F A Hayek* 

16 

W J Baumol 

22 

T. G Ko^mans* 

16 

J M Lintner 

22 

J. Tinbergen* 

16 

B Balassa 

21 


A S Goldberger 

21 



G Debreu 

20 



J. R Hicks* 

20 


23 26 


Note.— Nioabar Uhwiag tmth amt is cIuiIm frwuisaryi ssaeriiks iodksM Nobsl prise ledphnla 


754 










BOONOMICS JOURNAL LnSRATURS 

6. CSonclusion 


755 


I have found broad consistency between the growth and citation patterns 
in the economict>joumal hterature and that found by others in (he same 
as well as in different fields. I noted that our memories arc getting a bit 
shorter as time passes and that there is a definite propensity for an article 
to cite the journal in which it u published I determined who are the 
authors cited most often and found mth gratification that Nobel prize* 
winners are among them but alto that the quantity of one’s publications 
does not necessarily guarantee high citation frequency I suspect that 
there may be a difference m “fame” consisting of having one article 
cited 100 times and having written 100 articles, each ated only once. 
It remains, however, for a more ambiUous researcher to determine who 
belongs m the hall of fame by yet another measure—namely, the number 
of citations per arucle published. 
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The Origin and Deveiopment of 
Media of Exchange 


Robert A. Jones 

Ummmty ^ Cti^irma, Loi Aagdis 


The p&per develop* an explanation for the em ergence of media of 
exchange through the unooncerted market behavior of individuaJa. 
Individual* are a««uined to accompliah their ultimate exchange* through 
trading lequence* which imniimze the expected tune qieiu *eardiing 
for cmnpletnentary trading partnen If individual perceptions of the 
trading environment are appropriately restricted, then the equihfamim 
pattern of trade will be some mixture of direct barter and use of a 
common good as medium of ouhange Although hill monetisation is 
always a locally stable exchange pattern, the ooonamy may remam m 
umversal direct barter or partially monetized slates. 


The general use of media of exchange is one of the most readily observable 
economic phenomena in exchange economies and represents osic of the 
oldest and most fundamental problems of monetary theory Media of 
exchange have been metaphoncally described as “otl” in the economic 
machmery and as “shuntmg locomotives'’m the process of trade (WkJcscU 
1%7, pp 5, 19), enabkng soaety to escape the intolerable inconvenience, 
or even impossibility, of finding the "double-coincidence of viants" 
required for direct barter exchanges (Jevons 1875, p 5). The mystery and 
the problem of money were cleaiiy stated by Carl Mengcr over 80 
years ago: that every economic umt m a natxm should be ready to 

exchange his goods for little metal disks apparently useless as such, or for 
documents representiiig the latter, is a procedure so opposed to the 
ordinary course of things . . The problem, which taence has here to 


This icsearch wss undettaken as pan of the author** FIlD. difrtstinn at Brawa 
Univixiity and ws* mppocted by the Canada Gauacil of the Arts. 1 would like to 
e*pecially thank ProfijMs Henchel Gnaanan far ha vahiabte oiticam and m c o i ir sgi 
ment. I am abo grateful to Plofaims A Fddman, M hikm, K. Nagpiam, and J. 
Niehan* far helpiul comment* and 


Xmmv. ISTS, w*. M 
O UTS Sf Tlw Uaiwnllr airMna" A 


.ae *,*«• >1 

lH rigbii Mnmd 


757 




JOURNAL or POUTIOAL BGONOMY 


758 

solve, consists in giving an explanation of a general, homogeneous course 
of action pursued by human beings when engaged in traffic, which, taken 
concretely, makes unquestionably for the common interest, and yet which 
seems to conflict with the nearest and immediate interests of contracting 
individuals” (Mcnger 1892, pp 239-40) The common use of media in 
exchange suggests a twofold problem' First, what economic gains, if any, 
accrue from use of a general medium of exchange over and above those 
accruing from direct trading? Second, how have certain commodities 
come to be exalted into general media of exchange? This papier addresses 
the second question It develops a possible explanation for the emergence 
of media of exchange through the unconcerted market behavior of 
individuals, without decrees, centrahzed deasions, or exphcit social 
agreements. 

For the purpioses of this papier we define a general medium of exchange 
as the good occupying a particular piosition in a particular pattern of 
exchange among individuals jevons (1875, p 3) desenbed direct barter 
as “giving what was not wanted directly for that which was wanted,” and 
distinguished it from “sale and purchase in which one of the articles 
exchanged is intended to be held only for a short ume, unul it is parted 
voth in a second act of exchange ” The good which “tempioranly 
intervenes in the sale and purchase is money ” We shall say that an 
economy has a monetary pattern 0 / trade if the exchanges which actually take 
place have the following two characteristics ' (a) There is one good that 
enters into every exchange (6) Any other good entenng an exchange, if 
purchased is not resold, and if sold is not repurchased The one 
cxcepuonal good is termed the “medium of exchange ” This definibon 
implies that all individuals accomplish their ultimate exchanges through 
two-stage trades rather than through direct one-stage trades or through 
longer, more indirect trading sequences The problem is to explain why 
individuals spieciiically choose two-stage trading sequences and how all 
individuals come to choose the same intervening trade good 

The hteraturc on monetary exchange has a recurrmg theme A role for 
money can be found in the fact that exchange is decentralized, either in 
the sense that individuals trade with each other rather than with a 
central “market,” or in the sense that there are separate markets for each 
p>air of goods exchanged, and that compiensation for goods given up is 
guaranteed by a yuid pro quo from the individual or market to which they 
are delivered. One branch of the literature is concerned with the 
fcasibihty of attaimng a compietitive allocation of goods in a decentralized 
context Interpreting quid pro quo as equal value given up as is received 

' The monetary pattern of trade may be contrasted with the univenaJ direct barter 
and trading-poet patterns of trade, which also re fe r to observable regularities in the 
exchanges that take place m an economy. 
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at given market-clearing pricei, Starr (1972) point* out that Jevon*» 
"double-coincidence of wants" requirement generally precludes fulfill* 
matt of excess demands through direct barter. But if there is one good, a 
medium of exchange, that everyone is willing to temporarily acquire 
though it is not ultimately desired, then a set of acceptable bilateral 
exchanges fulfilling all excess demands does exut Ostroy (1973) assumes 
individuals meet sequentially, cannot give up goods not yet acquired, and 
cannot base trades on information available only to traders not yet 
encountered In this context, trading rules which fulfill all excess demands 
with just one meeting between each pair of individuals are generally 
incompatible with quU pro quo at each exchange Ostroy envisages money 
as an abstract “record-keeping device," permitting enforcement of budget 
constramts without requiring qutd pro quo at every exchange, and thus 
allowing excess demands to be satisfied with the minimum number of 
meetings If everyone is endowed with a quanuty of one common good 
sufficient to pay for all their intended acquisitions, Ostroy and Starr 
(1974) indicate that the less abstract “record-keeping device" of using 
this good as medium of exchange with quid pro quo can achieve the same 
result Feldman (1973) mterprets qutd pro quo to mean that bilateral 
exchanges are mutually utility increasing rather than balanced at 
previously determined prices He proves that the existence of a good 
which everyone desires and holds in posiuve quantiues, which might be 
interpreted as money, guarantees that such uulity-increasing trades lead 
the economy arbitranlv close to a Pareto-optunal allocation of goods 
Although these works illuminate how money might overcome logistical 
difficulues of reaching an efficient allocation with dcccncraiizcd exchange, 
they offer no suggesUons for how a monetary pattern of trade could 
evolve without a centralized decision 

The other branch of the monetary-exchange hierature focuses on 
trading costs as determinants of the optimal and equilibrium patterns of 
exchange Niehans (1969) points out that monetary exchange eflects a 
given reallocation of goods with immmum aggregate traxisacDon costs, 
subject to qutd pro quo constramts on trades between individuals, only for 
particular structures of trading costs Niehans (1971) and Kami (1973) 
explore the equilibrium trading and consumption decisions made by 
individuals subject to qtad pro quo constraints in separate maiiica for each 
pair of goods. An appn^riate structure of transaction costs can result m 
a monetary trade equilibrium An objective of this paper u to suggest why 
the appropriate structure should be so [nevalent. Sectioa I describes the 
general exchange environment in which individuals trade Sccdon fl 
examines how trading decisions mi^t be made Section HI investigates 
the inter-relatkniships between individuals’ trading {^ans and dietr 
imphcatiom for the equilibrium pattern of exchange. 
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I. The Nature of die Exduuige Eetmomy 

We now make some general assumptions about the econcnny in which we 
investigate the equilibrium pattern of exchange. These assumptions 
concern the trading possibilities and infcmnation available to individuals. 

1. Voluntary bilateral exchange. Trading opportunities are limited to 
mutually desired exchanges between pairs of individuals.’ 

2 Exchanges bilaterally balanced at pven prices. Individuals are 
presumed to have some expectations about the terms at which they could 
make future trades if they acquire a good they do not intend to consume 
For simphuty we assume that either tradition or a Walrasian “auctioneer” 
has established consistent prices in terms of an abstract numeraire at 
which exchanges take place and that no individual will pay more or 
accept less than these prices for his goods ’ 

3 Exchange is costly. We assume that exchange is costly and that each 
individual regards the costa of different exchanges as fixed and indepen* 
dent of his own trading deasions. More will be said about the nature of 
these exchange costs below. 

4 Limited information about other specific individuals Individuals 
have no prior knowledge of the endowments, excess demands, or trading 
plans of other spieafic individuals. Consequently, they do not know with 
whom they can or will make given exchanges An individual may have 
mformation about other traders as a group, however, based on his past 
trading experience The four assumptions serve to hmit the scope of our 
problem 

The mdividual’s utility function is assumed to depend only on the 
ultimately acquired bundle of goods, including leisure, and he jointly 
detemunes that ulomatc bundle and the sequence of exchanges by which 
It will be acquired. Since the individual takes prices as independent of his 
own acuons, however, the joint soluuon to the ubiity maximixauon 
problem must have the property that the planned sequence of exchanges 
acquires the chosen ulumate consumpUon bundle at minimum total 
transaction cost. When examining the pattern of exchange we can thus 
focus on the problem of making a given, fixed ultimate exchange at 
minimum cost. 

s Inca aviluation of Peru, where the allocation of goods was dictated by the 
pneat class rather than being determined by voluntary btlateial atchange, did not 
develop any recognisable medium of exchange NeilhM’ did many extended family 
tribes, vdierc the allocalran of work and consumption was determined more by coin en sus 
and traditum than by btlalcral exchange 

* A fiUpn fm It lequucd by individualf if they regard their Ulattral trade agreenKius 
10 be indcpendeiit of one another, and hence the only compensation received for gMag 
up a good mutt came from ia reetptem. Bilateral balance at the traditionaily given piioei 
could restdt bom individaBb believing that future opportunitiet wiU always exiM for 
trade at those prices If they ignore the costs of wailing to and finding those opportimfues, 
iiwn their buying and sellmg reservation pnccs will equal the tradfoonally given prices. 
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The individual does not know a prion with whom he will trade, and 
in that seme be u “trading with the market.” Hence the andapatcd 
oofU of a particular exchange of one good for another can dq>end only 
on the pair of goods involved and the size of the trade We also note that 
transaction costs which are additive over the goods exchanged cannot 
induce the indirect trading when the pnce of a good u independent of 
the good for which it is exchanged. Suppose the cost of exchanging a unit 
value of good t for goodj was c^j «■ cj + <5 for all pairs of goods t,j where 
{c\, <21 • • • } > ^ *od {rf, { 2 , } > 0 arc the anticipated costs of 

handling unit quantities of the goods sold and bought, respectively. Then, 
since «« -f e^j “ (r» + > c", + Cj m Cij, direct exchange 

would always accompluh a simple uldmate exchange at loiver cost than 
indirect exchange. The importance of this point rests with the fact that 
transportation, storage, and uupecnon costs could be expected to have 
this additive form, yet these costt associated with intrinsic physical 
characteristics of goods are most often emphasized in discussions of media 
of exchange * 

What cost of exchsmge might depend in a nonadditive way on the pair 
of goods exchanged ’ An obvious candidate is the cost of finding sofneonc 
wishing to make the complementary exchange In fact, this is a natural 
cost on which to focus since classical economists felt that finding a 
“double-coinadence of wants" was the most inconvement aspect of 
direct barter and hence the principle reason why a general mcdiiim of 
exchange is desirable A double-couiodence of desired exchanges is stiU 
required for voluntary trade in a mtmetary economy. An individual must 
first find someone wuhing to trade the medium of exchange for his 
endowment, then find someone wuhing to trade the uinmately desired 
good for the medium of exchange However, thu indirect douMe- 
coincidcnce of desired exchanges may be less costly 10 find than a direct 
“double-coincidence of wants ” 

IL The Individisstl’s Trading Decssion 

Let lu now desenbe the trading process more rJoscly and examine the 
pattern of exchange chosen by an individual. Consider an economy with 
n goods and many individuab, each producing or bong endowed with 

*Ofc<iurie,iftliepncca<Kauicdorpaidfot s good vanes wuh ibc (ood agsuawksch 
it u traded, then a more Csvotable ultiinate pnce ratio nught be oluainrd di roug h dbe 
indirect exchange whkfa could more than co mpen sate far the higher oamaftina essls. 
This poMibility b made explicit m Niehans (1971). But tf the cquflhrium pcioe talim 
favor^ the mdireet rwhange t far A far j over ihe dared evrti a n g e i far thm they 
mutt favor the direct exchangej far i over the indirect exchange ^ far t far 1. EfaB the 
additive tranmctioii cost oo m pooeiits arc sinedy poinive, dica M could not he opt ima l, 
m equiUbnum, far both the 1 far j tddmale tnidm and the j far i uMmate tosidat *0 
dfect their amiet indirecdy through Ihe same medium ot exchange. Con ae q uen dy faly 
monedaed trade could not be aa equilibnum. 
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only one good.’ The good with which each individual is endowed has 
been previously determined and is fixed. The units in which goods are 
measured are chosen such that the given prices, in terms of some abstract 
numeraire, are 1 The only allowable type of trade is the exchange of one 
umt of one good for one unit of some other good There is no savmg, so 
whenever an mdlvidual accumulates one unit of his endowment good he 
goes to the market and exchanges it for one unit of some good he wishes 
to consume. * The good purchased from trip to trip may vary, however, 
to achieve any desired average consumption bundle, or to replemsh 
stocks from which the individual consumes at a constant rate. 

To accomplish a given exchange, say of good t for good j, the individual 
enters the market filled with other traders, but which has no trading 
posts, and randomly searches for another trader wishing to exchange 
good 7 for good 1 When the complementary trading partner is found the 
exchange is made, and the individual either continues searching if he has 
further trades to make or leaves the market if he has accomplished his 
ultimate exchange.’ The transaction cost to the individual is the Ume 
spent searching for complementary trading parmers, and it is this cost 
that the individual wishes to minimize 
As indicated in the previous section, we can assume for our purposes 
that the individual arrives at the market with a given ulumatc exchange 
to accomplish, even though the trading costs influence which ultimate 
exchanges are chosen Before entering the market the individual plans a 
fixed sequence of trades which will effect this ultimate exchange He then 
enters the market and stays until the planned sequence is executed 
Limiung individuals to choosing fixed trading sequences, rather than 
more general trading strategies which could be conditional upon the 
types of traders which arc first encountered, is a severe rcstncUon From 
an mdmdual’s viewpoint, a conditional strategy can always do at least 
as well, and usually better, than a fixed strategy The restriction is 
introduced pnmanly to allow a tractable aggregation over individual 
trading plans in Section HI 

The actual time spent searching for a complementary trading partner 
IS, of course, a random variable We assume that the individual plans his 
sequence of trades so as to minimize the expected time to effect the ultimate 
exchange Assuming a constant rate of search, he thus chooses a trade 

’ We leave unspecified at this point the number of individuals since we will only be 
concerned with the fractions of individuab having parucular characiensucs 

* The individual could come to the market le« frequently, say ailer accumulating five 
units of hu good, at long at he disposed of it through five onc-umt exchanges 

The restriction to unit exchanges at fixed pneet allows all traden to fully complete 
their currently detued exchange upon meetup the first trader wishing to make the oppo- 
ute exchange, permitting us to associate the completion of trade with a simple probabilisuc 
event. 
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sequence mininuzing the expected number of encounters with other 
individuals.* 

The individual bases his trading plans oo subjective estimates of the 
probabibdes that a randomly encountered individual would wish to buy 
or sell any particular good These estimates arc denved from his previous 
experience in the market, and the true probabilities arc the fractions of 
traders in the market waiting to buy or sell the respective goods We now 
introduce two crucial assumpuons about the mdividuart probabilistic 
beliefs 

1 . The individual believes that the same fraction of traders wishes to 
buy each good as wishes to sell it Since all individuals hold only one umt 
of a good and demand one unit of some other good, this represents a 
subjective belief that the market would clear at the given prices It means 
that the individual's subjective probabihty that a randomly encountered 
trader would wish to buy the tth good equals the probability that he 
would wish to sell the i th good Denote this common probability by p, 

2 The individual believes that what another trader offers in trade and 
what he desires in return are statistically independent We assume that 
the individual can estimate the rclauve commonness of the n goods m the 
economy, but that excessive computational cosu prohibit him from 
esumaung the n{n — 1) correlations between goods demanded and 
offered in trade In keeping with assumpuon 4 of Section I that he has 
no prior knowledge of others* trading plans, he assumes no correlation as 
a working hyjxithesis Consequently his subjective probability that a 
randomly encountered individual would wuh to exchange good j for 
good I is piPj,* and the expiected number of encounters he anticipates is 
required to exchange good i for good j is 1 jpJ/j ’ ® 

The above assumptions impose a parucular structure on transaction 
costs as perceived by the individual which gready simplifies the deter- 
minauon of his chosen trading sequence and which is conducive to 
monetary exchange '' 

* Ignonag the vanaoce of tunc to compiciion of the ultunaic eachanxe n not macal 
as long as individuab are either mk neutral or nik avene with r es pe c t to the tune to 
completion Since we will characterize the search for a complementary trading partner 
as a sequence of BcmotiUi trials, minimizing the expected tune to completson aho mini¬ 
mizes the variance of tune to compietioa 

* The imphal behef that there are traders wuhing to trade i for i can be r li mm a trd 
at the cost of some notatioaal complication, but doo not quahtabvely affect any of the 
results 

' * The individual is asnimed to be lamphng with tepUcement Anot her trader caalA 
rationally be searched twice tinoe he may have made intervesunf trades nnoe the ksl 
encounter. 

' ‘ The unpltcanont of relaxing assumption (2) are suhstannal The mimber and 
variety equUibnum patterns of trade mcrew inunenaely and there u btde nmaan U 
beheve the economy would reach a monetary pattern of trade, at least if the other 
•numpboiis are retained. 
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Consider now the individual‘i choice of a trade sequence acoomphshing 
the ultimate exchange of one unit good t for one unit of good j in the 
least expected number of encounters. If the direct exchange of i forj u 
chosen, the number of encounters expected is 


1 


( 1 ) 


If good j is acquired through a two-stage indirect trade consudng of first 
trading i for k, then trading k for the expected number of encounters 
reqiured is 


1 

PtPt 


+ 


1 

PtPj' 


( 2 ) 


The individual is free to choose the intermediate good k that he will 
purchase then resell, and the mtermediate good which minimizes (2) is 
clearly the good with the highest Pi,. Let good n be this good. a 
max Thus the minimum expected number of encounters required to 
effect the ultimate exchange using a two-stage trade sequence is 


* \PtPk PkPjJ PiPn P»P] 


(3) 


The expected encounters required to complete each stage of the trade are 
added together smee the individual cannot start searching for someone 
vmhing to trade j for it until he has already obtained good Also 
notice that the choice of good n as mtermediate trade good is independent 
of which pairs of goods t,j are being ultimately exchanged. 

Similarly, the minimum expected number of encounters that could be 
anticipated usmg a three-stage trade sequence, involving two mtermediate 
trade goods, would be 


/ 1 1 
nun I- + - 

\PiPk PkP\ 



PxP. PnPn pj>i 


{*) 


The second trade of the nth good for itself is redundant, of course, and 
the best two-stage trade sequence will effect the same ultimate exchange 
in fewer expected encounters Expressions corresponding to longer trade 
sequences are constructed analogously with the same result There always 
exists a trade sequence of length 2 donunatmg all longer trade sequences 
for each ultimate exchange 

Having demonstrated that the individual would never choose an 


' * ExproBon (3) would not be mmiropnate if eiiiier negative boldfaigt of goods 
(credit) were pemutted, or if individuals earned excess in vc n lo n e s of conunoditics ibr 
trading purpotea, thus allowing them to execute the chosen uadcs in more than one 
order. The value of such aaxm loveoiaries in icrms of saved search time can readily be 
calculated. 
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indirect trade •equence of length greater than two, we focuf our attention 
on hb dectfion between direct barter and two-itage trading. Indirect 
trade could effect the ultimate exchange ui fewer expected encounter* 
than the direct trade if and only if 

-L > _L + J_. (5) 

pip, pip. PJ>J 

Multiplying (5) by ptp^j yields the equivalent condition 

P,> Pi -f- Pi (6) 

The individual thus chooses an indirect trade sequence of length 2 over 
direct barter, using the most frequently encountered commodity as 
intermediate trade good, if he believes that the fraction of individuals in 
the market desiring to buy or sell that most common good exceeds the 
sum of the fractions desiring to buy or sell the two goods he u ultimately 
exchanging. 

To the extent that all individuals have the same beliefs about which 
good has the highest all indirect traders will use the same intermediate 
trade good. Since indirect trade in the economy u limited to two-stage 
trades, all using the same mtermcdiatc trade good, we can properly call 
this ath commodity the medium of exchange However, since (6) could 
be satisfied for some pairs 1, j of goods and not for others, direct barter 
imd monetary trade csui consistently coexist. Given our assumptions, smy 
equilibrium pattern of trade will be some mixture of these two extremes 


nL The Equilibrium Pattern of Trsule 

We next mvetbgate the equibbnum mix of direct barter and monetary 
trade in the exchange economy. Starting from a situation where universal 
direct barter prevails, and thus where the vector p = (pi, -, pj 
reflects only ultunate demands for and supplies of goods, condibon (6) 
may be satisfied for relatively few pairs of goods. In other words, mdirect 
exchange may initially be superior to direct barter Far a relatively small 
fraction of the ultiinate excluinges. The analysis of this scebon shows that 
the medium of exchange will, if used at all, be used much more widely 
than IS apparent from the structure of ultimate demands and oondiboo 
(6) alone. 

This analysis focuaes on the detemunation of the vector p upon which 
individuals base thev trading strategies A component is an individual's 
estimate of the true feaction of individuals, denoted by f|, wishing to Imy 
the tth good, either for ultunate consumption er as an intermediate tnule 
good. No individual knows why another purchase* a good, nor is it 
relevant to his trading dedskm. But f (f,, ... ,fj will be influenced 
both by individuals’ ultimate exchan^ ami their trading strategies. We 
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define an equilibrium pattern of exchange to be one where behefi are 
correct, that is, p q, and where q is consistent with the given ultimate 
exchanges and optimal trading plans based on p. 

The evolutionary process we wish to capture can be described as 
follows and closely parallels the process envisaged by Menger (1892): 
Suppose, staiting from a state of direct barter, that condition (6) is 
satisfied for some pairs of goods The nth good would then be used as a 
medium of exchange to effect those ultimate exchanges More individuals 
would consequently demand, and subsequently offer, the nth good m 
trade than in the direct bsu-ter state To those demanding the nth good 
for consumption would be added those demandmg it as an intermediate 
trade good As this chsmge m the state of the market is gradually revealed 
to individuals through their sampling of exchange offers during search, 
they revise upward their subjective estimate p, (and correspondingly 
revise downward Pt for 1 ^ u) With the revised p condition (6) could be 
satisfied for even more pairs of goods, and indirect exchange of these 
pairs would be chosen over the previously preferred direct exchange This 
would further increase the demand for, and supply from subsequent 
resale of, the nth good and lead to further upward revisions of p. An 
equilibrium is attained when individual beliefs, p, are consistent with the 
true state of the market We are particularly interested in how close to 
full monebzanon of trade these market forces will take the economy 

Analysis of this evoluuonary process requires a dynamic framework for 
two reasons First, revisions in p can only take place through conunued 
search and sampling, which takes time Second, as use of the medium of 
exchange increases, the fraction of traders offering it in trade will 
increasingly exceed the fraction demanding it for consumpuon purposes 
The conunuous inflow of new traders into the market demanding it as an 
mtermediate trade good makes up this discrepancy between supply and 
consumption demands The requirements that the medium of exchange 
be increasingly common in the market yet remain a relatively small fixed 
fraction of ultimate demand would be inconsistent with market clearing 
in a one-penod static model In a dynamic context, however, we c^n 
disdnguish the stock of traders in the market from the flows of traders into 
and out of the market and avoid this inconsistency 

To fonnaUze these notions we must specify the distnbuticsi of ultimate 
exchanges, how individual trading decisions are aggregated to determine 
the state of the market, and a learmng process by which individual 
beliefs embodied in p are revised in accordance with changes in the state 
of the market. The central variable in which we arc interested is the 
fraction of ultimate exchanges which are executed indirectly through the 
medium of exchsuige We denote thu fraction 0 ^ t 1. 

The market is assumed to operate at discrete intervals called "days." 
Each day a constant number, m, individuals enter the maricet to make 
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given ultimate exchange!. However, each individual u permitted to make 
only one trade per day. Those choosing direct barter can effect thar 
ultimate exchange on the day they enter the market, and leave Hiose 
choosing mdirect trade will acquire the medium of exchange in return for 
their endowment on the day they enter the market, but return the 
following day to complete the second stage of their trade sequence. We 
assume that individuals are indifferent between appearing in the market 
on just one or on both days and that the relevant cost for their trading 
decision is still just the total expected number of encounters required when 
in the market to complete their ultimate exchange. The restriction 
guarantees that someone will hold the medium of exchange until it is sold 
to the next group of new entrants 

We further assume that all individuals have the same suligcctive 
estimate, p, of the state of the market on which to base their tradit^ 
decisions Since p is based on random sampling, it is in fact a random 
vector which could differ betiveen individuals ** For simphcity we use 
the average p over individuals in each individual's trading dccuion 

A Tkt Distnbutton of UllimaU Exehanges 

Let the matrix U =■ [u,j] represent the fracuons of individuab entering 
who wish to ulumately exchange good t for good j We assume that U 
IS constant over time and lymmetnc We define 



to be the fraction of new entranu ultimately demanding and supplyu^ 
the ith good We collccuvely denote the a/s by u ae (ii|, .,, 

The symmetry of U imphes that markets will clear at the prevailing 
pnees, in the sense that the same fracoon of new entrants demand each 
good as supply it, and also insures that complementary trading partners 
can always be found In other words, a double-cotncsdence of wants is 
assumed to exist so that direct barter could fulfill sdl ultimate excess 
demands if individuals chose that pattern of trade. Furthermore, since 
condition (6) is symmetric in 1 and j, and since all mdividuals have the 
same p, complementary direct-barter trading partners will ahwayi exist 
even when some ultimate exchanges arc conducted indirecdy Although 
this restnedon is rather strong, it guarantees that a medium of exchange 
emeiges out of individual choice rather than from necessity. 

These tandoin difle r e a ces between individuals' estimased p veewn iamdune tine 
pOMbihiy that difl e rea t goods would be used as media of r whs ag e by diflbMM Ms- 
viduals. An interesting questsoa is wbeiiier Ihe iaseiactMm of iadl vi dn al tndiag piaas, 
random sampling, and expeciaiiaBs reviaani would lead one or several amdia of OBcIwage 
being used in a stochastic stationary suie 
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The assumption that U remains constant over time is also restrictive. 
As the state of the market and p change, so does the perceived structure 
of transaction costs. Hence the relative prices of goods inclusive of 
transaction costs change, and we should expect some revisions in the 
excess demands. This model ignores such changes in order to focus more 
clearly on the changing pattern of trade. 

B. DeUrmmtng the State of the Market 

Either direct or indirect exchange will be chosen for a given ultimate 
exchange depending on whether condition ( 6 ) is sadshed or not for that 
pair of goods by the current p vector Since is the fracdon of entering 
mdividuais desiring to ultimately exchange 1 for j, the fraction s of new 
entrants choosing indirect trade is 

S^S(U,P)~ V (7) 

t,J •wok IkM 

Since condition ( 6 ) cannot be satisfied if cither t m n or j n, the 
variable s always lies between 0 and 1 — a. The situation r » 0 
corresponds to a state of universal direct barter, and r » 1 — u, 
corresponds to complete monetization of exchange. 

The true state of the market need not coinadc with individual beliefs p 
about the state of the market The vector g » ( 9 ,,. , j,) denotes the 

true fractions of individuals in the market demanding the respccUve goods 
in trade The total number of traders in the market on a given day u 
(m nu), where m is the number of new entrants and ms is the number 
of traders from the previous day returmng to complete their indirect 
exchange. 

The number of individuals demanding the nth good is (mu, + mi), 
where mi, represents the new entrants demanding it for consumption 
purposes and ms represents the new entrants demanding it as an inter¬ 
mediate trade good Hence 

ma, -t- mi R, + 1 

9, " -“ 7 —— • 

The 1 m the numerator properly belongs to the current day, while the i 
in the denominator actually belongs to (he previous day. Although i may 
change substantially over long periods, we assume that it does not change 
significantly between two consecutive days, so that ( 8 ) is a dose approx¬ 
imation to y, at each moment in time. 

The number of traders demanding any good 1 other than the medium 
of exchange is sau,. They include the new entrants choosing to acquire the 
stb good by direct barter and the prevkm day's entrants who chose to 
acquire the ith good by indirect trade. To the extent that p, and hence 
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tnulii^ (trategiei, have not changed lignificantly Trom the previous day, 
the number choosing indirect trade yesterday to acquire t will equal the 
number choosing indirect trade in the current period to acquire (. Thus 
the total number demanding t on a given day will approximately equal 
the number of new entrants who ultimately demand t, namely, mH|. 
Consequently 


muj ^ u, 
m + mf 1 + i 


for t K 1, .., n — 1. 


( 9 ) 


The vector q thus constructed also represents the fractions of traders 
offering the respective goods in trade The number offering the nth good 
is (nw, + ms), where fiw, represents new entrants with endowments of a, 
and ms represents traders who acquired good n the previous day at a 
medium of exchange For other goods, mu, u the number of new entrants 
endowed with good 1 ‘ * Equations (8) and (9) can be used to write q at 
a function of a and s m vector form' 


q «= q{u, i) = u + ~ “) 

The vector t, (0, 0, , 0, 1) in the above expression 

C Tht Liamuig Pneas 

The commonly held beliefs p about the sutc of the market arc assumed 
to be revised in accordance with the true state of the market by the 
simple adaptive formula 

s - f) \ > k’ > 0. (11) 

Use of this formula is suggested by the optimality of the ansdogous- 
expectations adjustment formula for individuals under certain coodi- 

We have implicitly aumrd through our formula non at the f vector ifaai the Hoch 
of traden in the market u in equibbnum. or close to it. at all imxs. As long as the pnneni 
of trading doet not change, Ihe flow equilibnum of traden into and oul of the maikts anil 
maintain the stock equilibnum Bui when individijusls lirM samtoh bxim m a k i n g a gives 
ultimate exchange directly to making it ladirecily a Hock durqiHlihraiim lauhs. Thoe 
are not enough units of the mednun of exchange oommodity ui the tnarkn u laitafy the 
demand, and there aie too many units of the gooih now to be eschaiatcd isdhecdy. In 
the procts of moving Iram direct barter to kill iiiaaniBauoii.ai(l — a^, addmonal uasti 
of the medium of exchange commodity imist be smiimilaied m the maiket and oon- 
tumptioo of the same nu mb e r of units of the otho’ goods tw t nbinr d n shtfled farvasid by 
1 day For this to occur, there muM be some days when s., > n^ far goods 1 # a We 
are asuming that farces not farmally embodied ua Ihe modet, sfagbl peace cha n g es in¬ 
ducing output or consumptfan chniago, cause appeopnase tempomry dm ninfihrwim 
floavs into die market (changes m {/) to c orrect ib« stock disqpalihna as ocenr 
If monetisation takn place cidy sloady, then, suioe the total suck ndgaMaMst diawg 
the avfaole prooes is Im than even I day's tradieg wotomc, w^ can asp ecr She din 
e quiHhri umBowstobedighLEx|Hesi i o M 0 l)and( 9 )bnnedqna<hedC/ rewwin »iJMns 
apptcxfanniiana. A more explicit anstjefa of dus process s cknrly needed, but is beyesd 
the scope of the current nwdeL 
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tions,^ * and by the fact that q’ is the exjxcted value of a random sampling 
of the state of the market at time t. 

The behavior over time of our dynamic variables s, p, and q is now 
completely determined by equations (7), (10), and (11) together with the 
parameters U and an initial value for p. To start the system we assume 
that the economy has been in a state of universal direct barter for all 
previous Urae. Since r « 0 implies 9 ■■ a, we choose p^ m u at the 
imtial value for p. 


D. Eoolutum of Uu PaUttn of Exchangt 

The dynamic system represented by (7), (10), and (11) is difficult to 
analyze m its current form since there are 2n + 1 dynamic vsuiables in 
p, q, and s, and since the functional dependency of r on p is discontinuous. 
However for our iniual value of p^ a, u we can reduce the system to an 
equivalent system with only two dynanuc variables and proceed with a 
graphical analysis 

In equation (10) notice that the vector-valued variable q depends only 
on the scalar s and fixed parameter a. As r vanes between 0 and 1 — u, 
the vector q moves along a one-dimensional line segment in PT with 
endpoints u and « + (<, — «)(1 — b,)/( 2 — a,). Our inibal value for p 
is u, and hence is on the same line segment to which q is confined The 
adjustment equauon (11) for p implies that p is always moving directly 
toward the current value of q Since p starts on the same line segment as 
q m IP, it too will always remain confined to that hne. This fact allows 
us to summanze the 2n vanables, p and q in two scalar variables, 
indicating their respective positions along the line segment. 

More formally, we introduce a new variable, f, which will locate p 
along the line segment exactly as r locates q » q{u, s). Supposing that 

p' - ?(«, rj) - « + (7-7^) - “)> (12) 

then 

- p' + Ap' _ + A'[q{u. 1,) - PT 


(I - i.‘}q{u.s^ + A'q(u,s,) 

q(u, P, + 


u) (13 


- y(». ^+i)- 


** %iecificaBy, if an individual rcvtiei his bebeh about the proport fa ni of indhndui 
wishing to sell various goods in a Bayesiao iiuhioa, regards his teamh as sampling Roti 
multinoittia) distribution with unknown parameten f m (/,,..., /J, has a Ditkii 
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The new variable s* may be interpreted at foUowi: Ifindividualt believed 
that i* was die fraction of individual! choosing indirect exchange, and if 
they knew the value of the parameter u, they could deduce the state of 
the market to be q{u, s*). It miut be emphasized, however, that individuals 
in this economy do not actually form expectations about either a or the 
extent of indirect trading. They only form expectationt about q without 
presuming rationality on the part of any other traders 

An adjustment equation for the variable s' can now be derived. From 
the definition of q{u, t) in (10) and the third and fourth hnes of equation 
(13) it is clear that, suppressing the time subscripts, 


r(l - A)!* ^ Ai 1 , , , / + Ax' \ , 

A straightforward manipulation allows us to solve (14) for A/. 
Ll + (I - A)r + Ai*] ' 


-«). 

(14) 

(13) 



Thus the variable / changes according to an adaptive scheme with an 
adjustment coefficient which vanes between 2A and A/2 depending on the 
current values of s and i*, and equaling A whenever s = s* 

The final step m the transformauon u to speesfy 1 as a function of U 
and 1* alone Equation (7) defines s{U, p'\ and (10) defines^ = ^(ii, s'). 
Substitution of (10) into (7) yields 

X') - E -0 (‘6) 

that 

Evolution of the pattern of exchange can now be investigated through the 
transformed system 

s, » s{b\ 1^) 

Ai* «= if+i - “ *,(!, - (17) 

lo' - 0 

We assume that A in (11) is less than so that a, always Ucs between 0 
and 1 This insures that 1 will not jump over one locally stable equilibrium 
and move on to another. The imtial value of 0 for s' indicates that direct 
barter was used prior to tune 0. Hme 0 may be thought of as the time 
when mdividuals first considered trading indirectly 


poor dutribuuon on f with mean and taka f* as the sample propott i on s ift a fimte 
sequence of mulunooual Inals (1 e , a maikct day), then the meaa f*'* ' of h« p onerior 
diitnbuuoo on / u given by (II). The scalar t' depends on the prec t ison of bss tmor 
dismbution and the number of tnah in f*. It is not important tat our pui|Maa that 
t' may vary atom day to day. 
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Syitem (17) is analyzed graphically in figure 1 The variables i and r* 
will always be on the graph of r(C/, s') From its definition in (16), it is 
clear that s{U, is an mcreasing step function in j' and can only take 
on values between 0 and 1 - a. It steps up whenever j* increases 
suffiaently for indirect trade to be chosen for sdil another ultimate 
exchange. FurtherawMe, s{U,^) attains the value 1 — a, whenever j* 
exceeds a< + a^ — ii, for all i # n, j s* n. 

The adjustment equation for r* unphes that s' moves a, of the dutance 
from the 45* line r » s* toward that hne each period. With a, between 0 
and 1, the variable s’ will never cross that hne but will always move 
toward it. Thus a locally suble equilibnum combination of direct barter 
and monetary trade exuts wherever s{U, s’) crosses s » f horizontally. 
In the example of figure 1 both points E and M are stable equihbria. 
However if we start with an initial value of s' ■■ 0 the pattern of trade 
will only reach pcant E, where direct barter coexists with use of the 
medium of exchange. By suitably choosing the parameter matrix U of 
excess demands, examples can be constructed with stable equilibria at the 
origin, several intermediate points, and at r ■■ 1 — a,. Figure 2 depicts 
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the case where u, « 1/n for all (, in other wordi where all goods appear 
equally frequoidy in ultimate exchanges Only the points Z> and M, 
correspionding to universal direct barter and Full monetization of trade, 
are stable equilibria. The economy would stay in the direct barter state 
in which It begins 

Several dynamic properties of the pattern of exchange are now 
apparent. First, there may be several stable equilibnum leveb of 
monetization of trade. Even for a single given dutnbutian of ultinuae 
exchanges, direct baiter, full monetizatjon, and intermediate mixa may 
all be locally stable situations. Although we do not develop here any 
criterion for evaluating alternative patterns of exchange from a wel£sre 
standpoint, multiple stable equilibria indicate that decentralized market 
forces such as we have considered cannot be relied upon to lead the 
economy to any socially optimal level of noonetizalion. The ecooomy 
could remain in a state which imposes greater total traniActioa costi than 
some other, possibly stable, state. Hiis result u not turpriiing given the 
externalities in transaction costs presoit in the model. 

Second, we note that full monetization, r v I is a stabk 
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equihbnum for all possible vsJues of U. Thus if an exogenous shock 
either to expectations p or to ultimate demands U once caused any good 
to be accepted as a general medium of exchange, then its use would 
continue even after the shock had passed. Full monetization is the only 
stable equilibrium pattern of trade, and hence a globally stable 
equihbrium, if and only if the graph of s{U, j*) never lies below s — j*, 
or equivalently, if and only if 

Uij ^ s‘ for all 0 ^ ^ 1 — u, (18) 

f,^qkiisuch (hat 

Msi + ••>«< + «> 

Third, starting from an initial direct barter state of s' — 0, we require 
that s(U, 0) > 0 if the economy is ever to move away from that state. If 
tt, < u, + Uj for all triples of goods n, i,j, then the direct barter state 
continues as a stable equilibrium Some initial dispiersion m the relative 
“commonness” of goods is required for the monetization of trade to 
begin 

Finally, returning to the initial point to be made in this section, we note 
that if i(a, 0) > 0, in other words, if indirect exchange takes place at all, 
then the equihbnum level of s generally will exceed s(U, 0) If a medium 
of exchange is used at all, then it will be used more widely than would 
be apparent from the vector u of ultimate demands and condition (6) 
alone 


IV. Conclusions 

The use of search costs to guide individuals through a market with 
neither tradmg posts nor cleanng houses has yielded plausible imphcations 
for the pattern of exchange With certain assumptions about the costs of 
finding traders with whom a desired exchange could be made, we have 
demonstrated why an mdividual may prefer to execute a given ultimate 
exchange indirectly rather than directly Two trades can be less costly 
than one However, given that we have ojjened up the possibihty of 
lengthy indirect trade sequences, we have also demonstrated why 
sequences of more than two trades would not rationally be chosen. Three 
or more trades are always more cosdy than two. Further assunung that 
all individuals form their behefs about market parameters by samphng 
from the same market, we have an explanadon for how all traders could 
indepcndcndy, without centralized decisions or agreements, setUe on the 
same good as a medium of exchange Thus individual optimization 
implies that the pattern of trade must always be some combination of 
direct barter and monetary exchange. 

The pardcular combination of these two extreme patterns of exchange 
to which the economy converges depends on the spiecific conftguradon of 
ultimately desired exchanges and on the initial pattern of trade. There 
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can be multiple locally itable equilibrium combinations, but full 
monetization is always stable. 

And finally, the approach suggesto that a very common good would 
emerge as a first commodity money in a barter economy ' ‘ The important 
point is that this commonness is a market characteristic of goods rather 
than an intrinsic physical characteristic such as portabihty, divisibility, or 
cognizability. This is not to say that such physical characteristics play no 
role in dctcrimnmg which good will be used as a medium of exchange. 
However the analysis suggests that the rauonale for using a medium of 
exchange in the first place might be found in the differing market 
characteristics of goods and the decentralized nature of exchange 

It need hardly be pointed out that these results were obtained in a very 
spiecialized context Individuals were compelled to trade at given prices, 
not permitted to choose from more efiicient condiUonal trading strategies, 
and formed their expectations about the likelihoods of vanous trading 
opportunities in a most simplistic manner Further work relaxing these 
restnctions appears warranted to determine whether the phenomenon of 
monetary trade is indeed most naturally a consequence of mdividuals’ 
limited information about each other’s trading mtenuons 
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Thu paper presenti a model of price tubilization applicable to 1 cm- 
developed economiea. DuUnctive featurci of the model arc (i) iti 
explicit incorporation of a commercial banlung lystem, (u) its tpecilica- 
tion that the actual rate of inflation depcndi on inflationary expectationi 
and on exceu demand for output, and (in) endogeneity of the growth 
rate of real output. Numencal umulations are also conducted. We 
demonstrate that stabilization through an initial increase m the average 
nominal interest rate paid on money holdings has tigmhcantly more 
favorable short-run effects on real output than does stabilization through 
an initial reduction in the rate of monetary expansion. 


The short-run dynamics of pncc stabilization in inflationary economies 
has been explored in a number of thcoreUcal studies (see, c g, Mundcll 
1965, Friedman 1970, Selowsky 1973, and Frenkel 1975). As has been 
emphasized by Shaw (1973) and McKinnon (1973) in two recent works, 
however, inflationary economics—at least the Icss-dcvclopcd ones—tend 
also to be “financially repressed” in that, partly as a consequence of the 
high rates of inflation themselves, the functioning of financLal and capital 
markets in such economies tends to be severely dutorted McKinnon 
(1973, chap 7) further contends that this phenomenon of financial 
repression should be integrally mcorporated into any analysis of stabiliza¬ 
tion policy in parUcular, it is claimed that, as a result, stabilization 
through an iniUal increase in the average nominal interest rate paid 
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on money holdings is likely to have significantly more favorable short-run 
effects on the tune path of real output than is stabilization through an 
initial reduction in the rate of monetary expansion. 

In section I we set up the basic model which seeks to incorporate, in 
a rigorous albeit simplified form, the key structural elements involved m 
McKinnon’s analysis In Section II, the model is employed to determine 
the short-run, macroeconomic implications of stabilization through the 
use of the two monetary pohcy instruments described above Finally, 
Section III presents some concluding observations 

I 

The basic “McKinnon thesis” may be bnefly adumbrated as follows 
In many if not most less-developed countries (LDCs), the commercial 
banking system tends to be the most important source of external financing 
for productive enterprises Among other things, commercial banks there¬ 
fore play a strategic intermediary role as a source of financing for the 
holding of working capital by such enterprises, where the term “working 
capital” has been defined by McKinnon to include “inventories of goods 
m process, trade credit, and advances to workers prior to the actual 
sales” (1973, p 87) Suppose now that the economy in question is initially 
in inflationary equilibnum, with high rates of nominal money expansion 
and of inflation, and that the monetary authorities abruptly engineer a 
discrete reduction in the rate of monetary expansion to a lower but sull 
positive level One nught then plausibly argue that some time must 
necessanly elapse before this induces an appreciable decline in the ex¬ 
pected rate of inflation and thereby an mcrease m the real stock of money 
in the economy In the meantime, the reduction in the rate of monetary 
expansion will, through a mechanism that is desenbed more precisely 
below, have the effect of reducing the flow of real bank credit below what 
It would otherwise be This constricts the capacity of productive enter¬ 
prises to hold working capital, and an immediate reducUon in real output 
may result 

It IS thus the linkage between bank financing and aggregate supply 
through the working-capital nexus that is employed to explain both the 
imtial downturn in real output that has histoncally charactenzed 
many attempts at pnee stabilization and the subsequent expansion of 
real output as inflationary expectations recede and the real stock of 
money increases Consistent with this analysis, McKinnon has proposed 
the use of an alternative monetary policy instrument in the initial stages 
of the stabilization program, rather than reduce the rate of monetary 
expansion, the monetary authontics should initially raise the average 
nommal deposit rate paid on money holdmgs, thereby reduemg the excess 
supply of money by raismg the demand for real money balances. Con- 
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comitant with this increase in real money balances there will, as shown 
below, occur an immediate increase in the flow of real bank credit and 
hence in real output. Subsequently, the monetary authorities can proceed 
to gradually reduce the rate of monetary expansion as inflationary 
expectations dcclmc, so that the flow of real bank credit need not decline 
at any time during the stabilization process and the short-run squeeze 
on working capital and real output be completely avoided 

We turn now to the construction of our formal model Let the total 
flow of fixed capital services that are available at time I be denoted by 
C{t) Suppose, however, that there exists a techmcal complementanty 
between each hour of use of fixed capital and the associated reqmrement 
of working capital. If the economy is financially repressed, the capacity 
of entrepreneurs to finance the holding of working capital will be severely 
linruted this will reduce the actual usage of working capital, and hence, 
as a result of the above-mentioned techmcal complementanty, the flow 
of fixed-capital services that is actually utilized, denoted G[t), will be 
less than the total availability, C(t) Such a situation of piersistent excess 
capacity is perfectly compatible with a steady-state cqmlibnum (which, 
as will be seen below, is charactenzed inter alia by a constant rate of 
growth of if we make the further assumptions that (a) technological 
indivisibilities in the size of each unit of fixed capital render it impossible 
for each entrepreneur to exactly “tailor” the size of his machines to thg 
availability of working capital, (b) the rate of profit that is yielded from 
the operation of the capital stock is deemed an adequate return for entre¬ 
preneurial effort despite the fact that the capital stock is not fully utilized, 
and (r) owing to transactions and information costs, it is not feasible for 
entrepreneurs economy-wide to associate and decide to restrain further 
increases in (5 until the growth in the availability of working capital is 
sufficient to fully utilize all currently available fixed-capital equipment 

Let the total utilized flow of capital services pier unit time, both fixed 
and working, be denoted as K{t) this consists of G(t) plus the usage of 
working capital Let GjK = a, which we have assumed to be fixed by 
technical factors, thus, the ratio of working capital to the total utilized 
capital flow IS simply (1 — a) ‘ For simplicity, we shall assume that the 

' As the referee has pointed out, this procedure of ag g r eg ating the Bow of woriang 
capital with the flow of services from fixed capital encounten certain conceptual ddficul- 
ties, insofar as “working capilal'* encompasses a iiurly hclerogcncout array of inputs. To 
simplify the formal analysis, therefore, we shall restnet the definition of working capital 
to include only inputs of raw materials and goods m process, as well as advances to 
workers pnor to actual sales (in other words, we exclude trade credit from the definition, 
since this may raise some addiuonal intricacies) Suppose we now adopt the fairly in¬ 
nocuous assumption that, at least in the short run, raw materials, goods in process, and 
labor services are each retjuired in fixed proportion to output and, fiuther, that the real 
wage rate does not change during the stabiiuation process (as would be the case if, 
following the well-known model of Lewu [1954], employers were to lie &ced with an 
infinitely elastic supply of labor at a real wage rate that is a fixed tnailngii over the retura 
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aggregate production function of our one-scctor economy is of the 
Harrod-Domar vanety: 

Y = (xK, (1) 

where Y = final real output It is, of course, not necessary to account 
separately for the labor input, since this is treated as part of the flow of 
working capital 

The nominal stock of money, M, is divided into two components: 

M ^ C ^ L (2) 

In the above expression, C is defined as “high-powered” money, assumed 
issued by the government as transfer payments, part of it is held as 
currency in active circulation, and the remamder is deposited with com¬ 
mercial banks The quantity L is equal to the total outstanding volume 
of loans made by the commercial banking system. The proceeds of these 
loans arc in part withdrawn as currency and in part redeposited as 
“secondary” bank deposits, which justifies equation (2) above For 
simplicity, we shall assume that the public’s desired and actual currency- 
deposit ratio and the banks’ desired and actual reserve-deposit ratio are 
unchanged through time, so that/,/Af and C/M are constant let LjM = q, 
so that CjM = I — q One of the monetary pohey parameters is thus 
the rate at which the monetary base, C, is expanded letting dots denote 
time denvatives, if C/C = p, say, the constancy of q also implies that 
LIL = M/M = n 

It IS necessary next to spiecify the sources of finance for the holding of 
working capital These are assumed to be threefold (i) replacement 
of worn-out working capital that is financed out of the internal resources 
of productive enterpnses, (u) replacement of worn-out working capital 
that IS financed by borrowmg from commercial banks, and (in) net 
investment in working capital that is financed by bank borrowing For 
simplicity. It IS assumed that fixed-capital assets do not depreciate 
and that net investment in working capital is financed solely out of bank 
borrowing However, once the stock of working capital has been so 
augmented, its subsequent maintenance is financed partly as in (i) and 
partly as in (ii) It is further assumed that bank credit is used entirely 
to finance the holding of working capital 

Since the total flow of capital services at time t is K(t), the total usage 
of working capital at that time is (1 — a)K{t) Again, for simphcity, we 
shall assume that a fixed fraction 6 of this usage is replaced through bank 


to labor in the “subnstence sector" of the economy) Smcc ours is a one-sector model, the 
pnee of inputs of raw materials and of goods m process is the lame as that of final output, 
It thus follows under the stated aisumpuoiu that all relative pnee weights are ctmttam 
and, hence, that aggregation of working capital with the services of fixed capital u 
analyucally permisuUe 
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finance, while (1 — 6) of it U replaced through internal finance. The 
ratio 0 u constrained to lie in the apm interval (0, 1) (as is a). C3early, 
entrepreneun have first of all to repay to the commercial banks the loans 
they previously incurred in order to purchase the fraction 0 of the working 
capital that they have since used up. These repayments are now available 
for relending by the commercial banks, thus, the extra amount that the 
banks have to lend in order to maintain the stock of woriong capital mtact 
IS in nominal terms simply equal to f*6(l — a)K, which represents the 
increased cost of replacement as a result of a nse in the price level P 
(Smee ours is a one-sector model, the price of working capital is the same 
as the price of final output, provided, as we shall assume, that the real 
wage rate is always fixed ) Letting n = PjP denote the economy’s rate 
of inflation (an endogenous variable), the rate of “capital accumulation'’ 
in our model is then given by the following equation 


K 


1 rZ - />0(1 - «)^ i 
(1 - a) [ P J 

- 5 - f- - k9{\ - 

(1 - a)LP J 

-!- \ljuj — — n0(l - a.)K 

(1 -«) L ^ 


(3) 


The numerator of the bracketed expression in the first Ime of equation 
(3) IS the excess of the increase m nominal bank lending over the mcrease 
in the nominal cost of replacmg the bank-financed component of worn-out 
working capital This excess 1 $ available to finance net investment in 
working capital This net mcrease is then mulUplied by 1/(1 — at) to 
obtam the net mcrease in the utilized flow of total capital services, both 
fixed and working For example, if workmg capital is one-quarter of K 
(so that 1 — a equals 1/4), then a unit net increase m the availabihty 
of working capital is capable of sustammg a fourfold increase m the total 
utilizauon of capital (given the presence of excess capacity in the 
economy) * 


^ Certain obMrvauom regarding the above denvauon are noteworthy (i) The reader 
wiU undoubtedly have noticed that no allowance is made in eq (3) for the repayment of 
loans incuned in previous penods to finance net (as opposed to replacement) investment 
in those penods Tlie implicit assumpuon here is that such loam are viewed by productave 
emerpruet as part of their “senqi” costs for new protects and are never amoruxed 
(repaid) This aisumpUon vastly simplifies the naa4tauly.«taie analyiu conducted below 
without, m my opinion, hi««ing the qualitaUve resulls of this paper (u) Some readen 
may at fiiit gLuice consider implausible the sssumpUon that commercial ba n ks fin a n c e 
the vdiole of net investment m working capital and only a fraction 9 of repIsMemeat 
mvestment in worfcuig capital Thu, however, u cntaiely consutent anth the notion of 
“fiiiancial repression,” whereby producen do not have access to external non ha nk 
fuuncing to uutiate new projects involving net investment m wotkiag capital They are, 
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A convenient money demand function with which to work is that 
originated by Cagan (1956) (money being assumed to be held because 
it is the sole financial asset available to savers): 

— = (4) 


where a is a positive parameter, d is the average nominal interest rate 
paid on money holdings, n* is the expected rate of inflation, and Af/P 
denotes desired holdings of real money balances (Af/P should then be 
taken to refer to actual holdings of real money balances) 

Let y = f’/K denote the economy’s growth rate Dividing equation (3) 
by K, noting from equation (1) that YjK = t», and hence that K\K = 
tjY = y, we have 


aq M 
y = u - i - 

(I - a) PY 


n6 


(5) 


however, in a position to undertake some replacement uiveitment out of the sales proceeds 
from ongomg projects Implicitly, it is assumed that, if entrepreneurs did have some 
additional funds of their own, these are either invested in iixed-capital accumulation or 
have already been “stretched to the limit” in investment projects undertaken m past 
periods Clearly, the "story" we are telling would not be very consistent if entrepreneurs 
had significant uninvested funds of their otvn which, despite the presence of under¬ 
utilized fixed capacity, they were holding back from net investment m perfectly divisible 
working capital until an adequate volume of accompanying bank financmg were made 
available Nevertheless, it should be pointed out that our analysis can be generaUzed 
somewhat to allow for this possibility Let us assume that a fraction 0, of all net invest¬ 
ment in working capital and a fracUon 9j of all replacement investment are financed 
through bank loans In that case, eq (3) becomes 

since the term within brackets now represents only bank-financed net investment and not 
total investment in working capital If 0, is sufficiently close to umty, then use of eq (3') 
m place of eq (3) would not change any of our results To simplify the notation, however, 
we shall continue to work with eq (3) If 0, is significantly less than unity, then the results 
of this paper would ceruinly be altered However, for the reasons just indicated, the 
notion of "financial repression,” which we are seeking to model in this paper, would 
become quite nebulous were producers not sigmhcanUy dependent on bank financing to 
imtiatc new projects (iii) As the referee has pointed out, owing to the presence of under¬ 
utilized fixed capacity in our model, the concept of “capital accumulation” has to be 
interpreted not as the augmentation of the total stock of capital in the economy but, 
rather, as the augmentation of the stock of working capital coupled with the associated 
increase in the rate of utilization of fixed capacity The fact that eq (3) specifies a de¬ 
pendence of K on LjP suggests that it might be possible to reformulate the model in a 
more standard fashion by treating money as a “producer’s good ” This, however, is mis¬ 
leading, as would be immediately evident if we were to contemplate the nature of this 
functional dependence If money were a producer’s good, then the manner in which the 
level of MjP influences the level of Y would depend on such considerations as the efficacy 
with which the use of money frees resources that would otherwise be engaged in exchange 
for employment in productive activity Such considerations are, however, wholly absent 
fixon the argument in this paper leading to the derivation of eq. (3) above This simply 
illustrates the fact that, conceptually, the itrie of bank lending in our model is primarily 
to facilitate investment (in working capital) Its effect on the level of producuon in the 
economy derives from its effect on investment instead of constituting a separate structural 
datum in its own right 
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Also, logarithmically differentiating the identity MV » PY 'with respect 
to time {V being the velocity of circulation of money) and substitutii^ 
terms, we have 

fi + n + y (6) 

Before turning to the analysis of short>nm dynanucs, let us briefly 
examine the steady-state properties of the system corresponding to given 
initial values of the policy parameters p and d The steady state in our 
model IS defined by the following conditions (1) that actual holdings of 
real cash balances are equal to desired holdings, the latter being given 
by equation (4) (outside the steady state, we shall allow for the possibdity 
of a discrepancy between these two variables), and (11) that the expected 
rate of inflauon n* is equal to the actual rate n and that both of these are 
constant The latter implies that velocity is constant, so that equation 
(6) specializes to p = jt + y From this, we have x* = Jt = p — y, 
substituting this into equation (4) and then substimung equation (4) 
into equaUon (5), we have in the steady state 

y = M 77^ - ^t0 + yO (7) 

(1 - a) 

This IS an implicit equation in the single unknown y Rcwnting it as 
y — p[<r9/(l — a)]«“'**~’'"^’ + p0 — y0 = 0, it can be shown that, 
under some relatively weak restrictions, this equation has in general two 
solutions for each combmation of values of p and d, at one of which its 
“Jacobian” is positive and at the other negative Given the d'ynamic 
adjustment mechanisms that we postulate below, however, it can be 
shown that only the former solution satisfies the necessary condition for 
the local stability of the model We shall therefore restnct our attention 
to this category of solutions For these, it can further be demonstrated 
that there exists a unique, positive value of p which maximizes the 
resulting value of y (holding d fixed) As p is mcreased above this unique 
value, the corresponding value of y falls progressively to zero (and below) 
We shall assume that initially the economy hes in this latter, “financially 
repressed” region, so that a reduction in p raises the steady-state soluuon 
for y (and hence, a fortiori, lowers the steady-state value of x) 

We turn now to the analysis of short-run dynanucs Fust of all, as 
regards the evoluuon of n* through time, we shall simply adopt Cagan’s 
adaptive expectations formulation, 

^ = ^(x - X*). (8) 

at 

where ^ is a positive parameter 

The purpose of our final specification, to which we now turn, u to 
incorporate into the model an important fiicet of empirically observed 
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Stabilization experience This is the tendency for the velocity of circulation 
V to initially nse in response to a discrete reduction in p, despite the fact 
that n commences falling almost immediately. It is only after some further 
time has elapsed that V begins to fall and to eventually decline to a new, 
lower, steady-state value Within the context of our present analysis, 
this iniual phase of a rising velocity assumes particular significance, since 
McKinnon has argued (1973, pp 84-85), in his inteipretation of the 
Brazihan stabilization experience of the mid-1960s, that this would 
constitute a phase of increasing “disintcrmediauon” of the banking 
system (since a rising V implies a falling money-GNP ratio) and, hence, 
increasing stringency in the availability of loan-financed working capital 
McKinnon has also suggested (pnvate communication) that this 
imtial rise in velocity might be generated if we were to assume that the 
actual rate of inflabon is a function, inter alia, of the expected rate of 
inflation Indeed, models which assume that re is a function of it* and of 
“demand pressure” have been proposed by Stem (1970), Hadjiimchalaku 
(1971), Goldman (1972), and Fischer (1972) (The last-mentioned author 
has also suggested that a possible microeconomic rationale for this specifi¬ 
cation would be that sellers raise output pnees in part in response to 
expected increases in input costs None of these authors, however, con¬ 
siders the implications of this specification for the short-nm behavior of 
velocity ) Analogously to Goldman, we may write 


^/excess demand for goods\ ^ 
\ goods supply J 


( 9 ) 


where/ is an increasing and sign-preserving function of demand pressure 
By Walras’s law, however, excess demand for goods must equal the excess 
supply of money, since these arc the only two markets in the model Thus, 
we can change equation (9) to 



where for simplicity we shall take A to be a positive constant (incorporating, 
inter alia, some muluplicativc factor k, say, representing the fraction of 
the stock disequilibnum between actual and desired money holdings 
which money holders choose to elumnatc at any given time) and where 
MIP and MjP denote actual and desired holdings of real cash balances, 
respecuvely 

This completes our specification of the model To facilitate the math¬ 
ematical analysis, it is convenient to introduce some additional notation. 
Let V equal the actual level of velocity, which in turn is equal to PYjM, 
and let be the desired level of velocity or PYj/(f Moreover, let W log 
V and IV =» log P (all loganthms arc to base e) Equation (6) then 
becomes 


p + *. TT +• y 


(6a) 
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Moreover, MjPY — 1/F — e~^, smce log IjV = — fF. Equation (5) 
can therefore be written as 


y _ fi — SI —_ 710 . 

(I - «) 

Similarly, JH/PY <= e~^, and equation (10) becomes 
It =0 A(s"*’ — e~^) + ir* 

- k[e-^ - + Tt*. 


{5a) 


(10a) 


since, from equation (4), W = log PYjAi = a(jt* — d) 

Substituting from equations (5a) and (10a) into equation (6a), we can 
express li' as a function of W and n* Similarly, substituUng from equa¬ 
tion (10a) into the adaptive expectauons function, which is equation (8) 
above, we can express dn^jdt as a function of these same variables The 
model is thereby reduced to the followmg sclf-contamcd dynamic system 


IF 


- - »)«• 


(II) 


^ ( 12 ) 

The steady state in this model is defined by the condiuons that IF =* 0 = 
dn*ldt These can easily be shown to imply that x = x* and IF = iF = 
a(x* — d) In what follows, we assume that the dynamic system is 
stable ^ 

A diagrammatic representauon of this system u illuminating From 
equations (II) and (12), it can be readily verified that the condition that 
the Jacobian be positive implies that the locus of combinations of IF 
and X* along which IF = 0 must, at least m some open neighborhood of 
the steady-state equihbnum, be steeper than the locus along which 
dn*ldt = 0 We therefore have the phase diagram, in IF-x* space, 
shown in figure 1 

It IS not difficult to venfy from equations (11) and (12) that the vectors 
in figure 1 have the directions mdicatcd Starting from any arbitrary 
imtial position, such as B, the system will as drawn converge to the steady- 
state equilibrium, point A In the figure, the convergence u dqiicted as 
being cychcal in chsu'acter This need not, of course, always be the case. 


’ Lmearmng eqq (11) >iid (12) about the iieady-state cquUibruun, we know that a 
oeceaary and luffiacnt cooditioa for the local itabibty of thu dynamic system a that the 
trace of the resultmg matnx be negative and its drtenninant poative, where both of these 
are to be eviUuated at the point ff w a(a* — d) The trace u equal to [—si(of)/(l — ■) 
— (1 — 9 — We shall amume that thu entue expresnoo u negative. The 

detemtinam u simply equal to the Jacobian of eq (7) above, thereby estahMAiiig our 
earlier aMcrtton that only that steady-state solution for y at which the Jacobian a poMivc 
can be locally stable. 
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We can now employ the apparatiu just developed to examine the short- 
nm implications of alternative stabilization policies The first policy to be 
discussed is a sudden reduction by the monetary authorities of the rate 
of monetary expansion Suppose that p is initially so high that the steady- 
state value of y is equal to zero^ and that the monetary authonUes 
msutute a discrete reduction m p to a somewhat lower but still positive 
level, as a result of which the new steady-state value of y becomes positive. 
What about the transitional response of W, ti *, it, and y? From equation 
(12), It is seen that the rcducUon in p has no effect on the locus dn*/iit = 0 
in figure 1 As regards the effect on the locus iV = 0, it can be readily 
shown from equation ( 11 ) that, if the term 1 — [<Ty/(l — 
evaluated at (Mint A in figure 1, is strictly (XMitive (we show below that 
this condition will always hold), then this locus, being continuous, will 
shiff upward m at least some opien neighborhood of the point A. The 
transition to the new steady-state equihbnum may therefore be depicted 
as in figure 2. 

Clearly, the vectors m figure 2 have to be “oriented" toward the new 
steady-state equihbnum, which is point C rather than the previous 

* In economic terms, b zero value of j sunply implies that financul rcprcMton has 
become to pronounced that the entire increate in nominal bank credit u always uted for 
replacement purpotet 
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equilibnum, point A Thus, starting at, say, time 0 at point A, the effect 
of reducing n will be to induce first of all a phase of nsmg W (and hence 
rising velocity) and falling it*, followed by a phase of falling W and falling 
7 t*, followed by a possibly cychcal convergence to the new equilibnum 
point Once agam, however, the convergence need not necessarily be 
cyclical in character 

Before explicaung the economic rauonale for these time paths, let us 
consider the impact of a rcducUon in /i on the other two variables of 
interest, ji and y From equation (lOa) we see that, since iV and ir* arc 
conUnuous funcUons of time, the downward shift in n docs not generate 
any instantaneous movement or jump in n, m other words, at Ume 0 , a u 
completely unaffected by the reduction in /i Immediately thereafter, 
however, the rise in fV (which implies a reduction in the real supply of 
money relative to output) and fall in n* (which increases the real demand 
for money relative to output) jomtly generate an excess demand for 
money, which causes n to fall (this effect is in addiuon to the fact that a 
falling 7 t* Itself causes n to fall) Thus, m the first phase dehneated above, 
7t IS unambiguously falling In the second phase, it* is still falling, which 
would tend to cause it to conunue falling However, in this phase W is 
also falling, implying an augmentation in the real supply of money 
relative to output, and this could very well offset the effect of a falling 
n* and cause n to rise instead 
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In order to resolve this and other indetemiinades discussed below, 
some numerical simulations of the model were undertaken, the details of 
which arc available from the author upon request. The simulations 
indicate that even in this second phase, tc will contmue falhng; evidently, 
the effect of the fallmg it* outweighs that of the falhng IV. In fact, n 
continues falling until it “overshoots” its new, lower, steady-state value, 
after which it gradually converges upward to this new value 

The effect on y is given by equation (5a) above. At time 0, neither 
W nor jt jumps m response to the reduction in p; therefore, the reducUon 
in fi causes an instantaneous downward jump in y, and since y was assumed 
initially to equal zero, this implies that y initially turns negative, so that 
real output commences declining * The economic rationale for this result 
IS that the reduction in p instantaneously reduces the rut flow of real 
bank credit (in other words, the flow of bank credit in excess of the lending 
out of repaid loans) However, the volume of bank credit required to 
finance replacement investment in working capital is growing at rate it, 
which has yet to adjust downward Thus, the flow of bank credit is 
msufficient to meet the replacement demand, leading to negative net 
investment in working capital and a fall in real output 

After time 0, y is subject to opposing influences On the one hand, in 
the first phase, n is falling, which would tend to cause y to nsc On the 
other hand, PV is rising, which further reduces the net flow of real bank 
credit (this tune owing to "disintermediation”—a reducuon in the real 
size of the banking system relative to output), which would tend to cause 
y to fall further Moreover, our simulations suggest that, for what appear 
to be equally “reasonable” alternative parameter spteciiicauons, cither 
possibility can in fact occur However, the simulations also indicate that 
even when y continues falling after time 0, this decline will reverse itself 
shortly thereafter, while W is still rising * In other words, the falling 71 
has the effect, early in the process, of overwhclmmg the continuing 
disintermediation of the banking system to generate an upturn in y 
In the second phtisc, W is falling, so that the real size of the banking 
system relative to output, and hence the net flow of real bank credit, is 
rising. In addition, the simulations indicate, as pointed out above, that 
Jt will be falhng in this phase On both counts, therefore, y will continue 

’ If r were initially positive, the reduction in 11 would lUU generate an initial iall in y 
However, depending on what its initial value as well as the magnitude of the reduebon 
in II were, y may or may not initially turn negative. 

* The &ct that some such phenomenon must occur can be established Irom conbnuity 
consideraboiis alone That is to say, since Waa continuous fiincbon of bme after bme 0 
suid since along the path W equals zero when the path crosses the IK 0 locus while 
da/ift can be shown to be strictly negative (and conunuousj at that point, it follows that 
from at least some bme prior to that point onward, the effect of the falling a on y must 
outweigh that of the ruing IK (smee y u contmuous in n and W) 
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rising and will eventually overshoot its new, higher, steady-state value 
and then converge downward to it.'' 

Let us now temporarily retrace our steps to examine why velocity 
initially rises in our model, although an explanation of this will have to be 
somewhat heuristic in character, smce velocity is both influenced by and 
influences the other variables of the model Fundamentally, the nse in 
velocity is attributable to the fact that n does not adjust downward as 
rapidly as jt. That u to say, velocity V is equal to PYjM, uutially, PjM 
must nse as P rises as fast as in the previous eqmlibrium, while M rises 
at a slower rate It is true that this effect is somewhat offset by the falling 
Y. However, from equations (6a) and (5a), it is easily shown that, provided 
[o}/(l — a)]*""' < 1 at time 0,* Y will not fall fast enough to offset 
completely the nsmg PjM It is only subsequently, once n has fallen 
sufficiently (under the influences of falhng expectations and increasing 
excess demand for money), that velocity will cease rising and commence 
falling 

We turn next to a consideration of the second stabilization pohcy 
instrument, the nominal deposit rate d Let I be the nominal mtcrest rate 
charged on bank loans If we assume that ( 1 ) banks are in compentive 
equilibrium with zero excess profits, (u) the government pays no mtcrest 
on bank reserves or on currency in circulauon, and (lu) the costs of the 
monetary system are a constant fraction z of the real money supply MjP, 
then It IS easily shown that d = ql — z Hence, barring governmental 

’’ It should be pointed out that, while the reducuon in n (and also, as will be seen below, 
an increase in d) is capable of producing a movement toward a higher gnnvth rale of the 
economy, the penutcnce of this higher growth rate over time presuppotet the exMtence 
of some mechanism which ensures that the availability of (ized-capital services, C(l), 
expands at an adequate rate, smce otherwise at some point the fixed capacity would 
become fully utilized Since our concern in this paper is pnmanly with short-run analysu, 
we shall not pursue this matter further, except to point out that an obvious candidate Ibr 
such a mechanism is an increase in fixed investment out of the higher level of busincs 
profits that results from a higher level of capacity unhzauon. 

' This inequality states that the real volume of bank loans in the onginal steady-state 
equihbnum u strictly less than the real stock of working capital in the economy. If 7 is 
imtially zero, then this condition is inviatty satisfied, since the real volume of bank loam 
would simply equal the fraction 9 of the real stock of working capital If 7 were uuually 
positive, then, by integraUng eq (3) along the imtial steady-slate path, it can be shown 
that this condition will be satisfied if and only if 9x < a, which will hold as long as a 
IS originally positive Essentially, in this latter case, commercial banks allocate some loans 
at each point in bme to financing net mvettment in working capiul In subaequent pen- 
ods, as prices rise the real value of these past loans would fall However, the real value of 
the working capital that has thereby been “brought into existence” remaira unchanged, 
and the fiction (1 — 9) of this is continually being replaced from the internal resources 
of productive cntcrpnies In steady-state eqiulibniun, therefore, the real volume (d* bank 
loans will fall short of the real stock of working capital Intuitively, it is precudy because 
businesses are not totally dependent on bank credit to finance their holdings of working 
capital that 7 at time 0 does not jump downward by as much as /t (the fall m 71 betng in 
absolute value equal to the percentage rate of increase of PjM at tune 0) 
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subsidies to the banking system, a change in d requires a concomitant 
change m I Although we shall henceforth be referring to changes in d, 
the correspondmg changes m I will always be assumed to have been 
effected. 

By implicitly differentiating equation (7) with respect to d, it is readily 
verified that an upward shift in d raises the steady-state value of y, which 
IS what we would expect, since it raises the real size of the banking system 
and hence the net flow of real bank credit to finance investment in working 
capital This raises the question as to whether there is any upper bound 
to the feasible range of values that d may assume, a question which is 
taken up below As regards short-run dynamics, an upward shift in d 
will, at least in some open neighborhood of the point A in fig^e 1, cause 
both of the loci m that figure to shift downward However, from equations 
(11) and (12), it can be easily shown that the locus dit*jdt =» 0 will 
definitely shift down by more, so that the new steady-state value of jt* 
IS lower (which is consistent with the fact that the new steady-state value 
of y is higher, while p is unchanged) The dynamic evolution of the 
system to its new equilibnum is thus as shown in figure 3 

The new steady-state equilibrium is given by point C in figure 3 
We thus see that, unlike the case of a reduction in p, an upward shift m 
d generates an initial phase of falling IV (and hence fallmg velocity) and 
falhng jt*, both of which then proceed to converge in a possibly cyclical 
manner to C' 

Before providmg an intuitive explanation for this result, let us examine 
the time paths of rt and y At time 0 itself, there is no jump in either W 
or 7t*, thus, from equation (iOa), wc see that the upward shift in d 
produces an instantaneous downward shift m n at time 0 This is attn- 
butable to the fact that the increase in d immediately increases the desired 
level of real money holdmgs (although the actual level does not change at 
that instant) and thereby creates an instantaneous excess demand for 
money An increase in d therefore exerts a more rapid deflationary 
effect than a reduction in fi (since, as pointed out earlier, the latter has no 
effect on the value of n at time 0) As McKinnon has suggested to me, 
this IS due to the fact that an increase in d directly increases the expected 
real return to money perceived by money holders, whereas a reduction m 
p can only mcrease the expiccted real return after it has worked through 
the entire system to produce a fall in 71 * ’ 

* Following on thu discussion, the referee has suggested that "the comparison between 
a /(-pcdicy and a d-pohey—which in some sense is the core of the paper—is conditional 
upon the sluggishness inherent 10 the adaptive cxpeclaUons hypothesis." 1 must confess 
that thu statement contains an important element of truth If, that is to say, indiidduals 
were to link their expectations of future inflabon rates directly to movements m /i, the 
deflationary impact of a reduction in ^ would certainly be accelerated (There would 
stiU remain some diflerences m the response of the system as compared with the eflTect of 
an upward shift in d, however, in view of the bet that the Utter does not, while a reduc- 
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After tune 0, n is subject to opposing influences On the one hand' 
ji* commences declining, which would tend to cause »t to fall further. On 
the other hand, W also declines, thereby augmentmg the real supply of 
money relative to output, which would tend to cause Jt to rise Our 
simulaUons indicate, however, that the former effect donunates, so that ir 
conUnues dechning The simulations also mdicate that n will decline 
until It overshoots its new, lower, cquihbnum value and then converges 
upward to it 

As regards the tune path of y, from equation (5a) it is seen that, since, 
at time 0, it registers an instantaneous downward jump, y registers an 
instantaneous upward jump. This occurs because the increase in d has no 
instantaneous effect on the net flow of real bank credit However, by 
reducing n, it reduces the rate of increase in the cost of replacing worn-out 


lion in does, entail a simultaneous reduction in the net flow of real bank credit Cco- 
sequently, as may be seen from the following discussion, one may expect the effect oo y 
to continue to be more Csvorable in the case of an increase m i ) Owing to prevailing low 
leveb of literacy and economic sophistication in LDGs, however, there is strong reason 
to believe that the adaptive expectations hypothesis lemaim apfdicable in this context. 
Hus u parucularly so m view of the fiict that, smee the steady-state value of y u an 
endogenous variable in our model, movements in a do not induce exactly equal move¬ 
ments in the steady-state value of x—unlike the case of “devdaped-economy” modeb, m 
which y u exogenously fixed I am convinced, therefore, that the ptewnt model icmaina 
presenptively useful at least at far as LDOi are concerned. 
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working capital Some portion of the net flow of real bank credit is thus 
released to finance net as opposed to replacement investment in working 
capital, thereby generating an upward shift in y After time 0, W corn- 
mences fallmg This implies an increase in the real size of the banking 
system relative to output, and hence an increase in the net flow of real 
bank credit This would tend to further increase y. Moreover, since the 
simulations suggest that n continues falling after time 0, y will, on both 
counts, continue nsing, until it rises above its new, higher equihbnum 
value, and thereafter converges downward to it ‘ ® 

From the adapuve expectations function g^ven m equation (8), it is 
clear that, since 7t registers a downward jump, n* must commence 
falling for at least some time after time 0 The rationale for the fall in 
velocity is slightly more subtle V is equal to PYjM, and since Af grows 
at the same rate as before while P grows at a lower rate, PjM must com¬ 
mence falling This is to some extent offset by the nse in Y However, 
from equauoii (5a) it is seen that, since < 1, the upward shift in y 
IS lower than the downward shift in Jt,“ so that on balance velocity must 
commence falling 

It IS seen, therefore, that an upward shift in d has favorable effects 
on n and y in both the short run and the steady state This raises the 
question as to whether there is any upper bound on the magnitude of 
permissible increases in d Such a bound docs exist by virtue of the fact 
that, as pointed out earlier, changes m d reqture concomitant changes in 
/, the nominal loan rate It is clear that both in the steady state and at 
each point along the economy’s transiuon path, the expected real loan 
rate I — n* should not be allowed to exceed the real rate of profit on 
working capital, since otherwise business borrowing from commercial 
banks for the purpose of invesUng in working capital will fall to zero 
(notice that 71 * vanes m value during the transition from one stcady- 

The reader may at this point be tempted to inquire into the "robuitnen” of our 
results, given that we have found it necessary to resort to numerical simulations to resolve 
certam mdeterminacies in the analysis Analytically, however, it is possible to definitely 
establuh two conclusions Fust, since at time 0, y registers an instantaneous upward jump 
when J IS raised and an instantaneous downward jump when /» is reduced, and since the 
time path of y is a continuous function of tune after time 0, both at tune 0 and for at 
least some tunc thereafter the time path of y resulung from an increase in J will domuiate 
(be higher than) the tune path of y resulung from a reducUon in n Second, by similar 
reasonmg, the time path of a rcsultmg from an increase in must, at least m the early 
urae periods, be lower than that resulting from a reduction in ji These constderations do 
establuh a presumption in favor of stabilization through an uuUal increase in if A 
complete normative evaluation u, however, poatponed until the foUovnng lecUon. 

' ‘ Thu u attributable to the fact that a reduction in a afleett y by releasing some bank 
ctedit from repUcement financing to finance net investment m working capital. Thus, 
Mince 9 < 1 (so that not all replacement investment u financed by the commercial banks), 
esmh 1 percent increase in the volume of bank-financed hoUings of working capitsd 
(resulting from a one percentage point decrease in the inflaUon rate) imphes a leu than 
1 percent increase in the volume of total holdings of woiking capital, and hence a le« 
than one percentage point increase in the economy’s growth rate. 
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State equilibrium to another) Since working capital is equal to (1 — it)K, 
the real rate of profit on working capital is equal to [F — (1 — a)J^/ 
(1 — a)JC, which in turn is equal to [o — (1 - «)]/(! — a), which 
we shall denote as f Since d » ^1 — c, the constraint I — n* < f is 
equivalent to the condition d < q (f n*) ~ z, the latter therefore 
constituting our (variable) upper bound As a matter of fact, in view of 
the observaUon made in footnote 7 above, one would ideally require 
that d be fairly appreciably less than this upper bound in order to provide 
businesses with some net profits from which to finance fixed-capital 
investment However, we shall not attempt to formally integrate invest¬ 
ment m fixed and in working capital in this paper 

m 

This paper has sought to fulfill a twofold purpose In the first place, we 
have attempted to specify explicitly a logically self-contamed set of 
analytical relationships consistent with McKinnon’s analysis of stabiliza¬ 
tion experience in financially repressed economics The relationship 
among the flows of bank credit, working capital, and real output has been 
fonnally characterized ‘ * Moreover, we have demonstrated the importance 
of “building into” the model an “inflauonary momentum” in the form 
of a dependence of the actual rate of inflation on the expected rate as well 
as on demand pressure, in order to account for the characteristic short-run 
behavior of real output and of the velocity of circulation of money that 
typically results from a rcducuon in the rate of monetary expansion In 
the second place, we have shown, within the context of our formal model, 
that McKinnon’s “inside money” approach to stabilization pohey appears 
to be valid and fruitful pnee stabilization through an initial mcrease in 
the nominal deposit rate paid on money hoidmgs enables the economy to 
experience an immediate accompanying gain in real output, instead of the 
fall that IS typically attendant on a reducuon in the rate of monetary 
expansion 

' ’ Thu formal specification does, incidentally, enable i» to clear up a coaiuuon be¬ 
tween stocks and flows that appears to have crept into McKinnon's analysu Hr has sug¬ 
gested (1973, pp 8&-87) that the reason that a reduction in the rale of monetary expanuon 
precipitates a temporary lall in the level of real output u that it causes an iraual coutne- 
uon in the real stock of money and hence in the real stock of bank credit, which we have 
denoted aa qMlP Thu appears to be a slightly misplaced emptiaiu What our model 
■uggests u that real output (alls because the real flow of net bank credit, which n etjual 
to itqMIP, fails imually The latter u only in part a fimction of the ml slock, qMjP. 
In our model, c g , at ume 0, MjP u unchangi^, but real output begun to bU becauac 
ItqMIP fails Moreover, it should be emphasued that the evolution of ihe ecooomy's 
growth rate over time is a funcuon nol solely of the movement m pfM/P but, rather, of 
the movement in nqMIP n nfatua to the movemcni m the rate of inflaiKm Thus, in some 
of our simulatton, MjP commences falling after ume 0, and yet the economy's growth 
rate commences rmiig because a commences falling even &strr 
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From the foregoing, it would appear that the “optimal” means of 
stabilization is through an increase m the nominal deposit rate, holding 
the rate of monetary expansion fixed This, however, would be an illegiti¬ 
mate extrapolation of our results. For one thing, as pointed out earher, 
the nominal deposit rate cannot be reused beyond the pomt where the 
real loan rate equals the rate of profit on working capital. More fundamen¬ 
tally, however, it is very likely that the monetary authorities are desirous 
of achieving not only a target rate of growth but also a target rate of 
inflation Since we thus have two policy objectives, it follows from the 
standard Tinbergen analysis that both instruments, the nominal deposit 
rate and the rate of monetary expansion, will have to be acUvely deployed ‘ * 
What our analysis strongly suggests, however, is that iniUally the nominal 
deposit rate should be raised Once this has induced a decline in the 
inflation rate (and an increase in the growth rate), the other instrument 
can be brought judiciously into play Ideally, of course, it would be 
desirable to specify target values for the inflauon rate and the growth 
rate, and a loss function, and then to choose the values of d and /i over 
tune in such a manner as to minimize the discounted integral of the loss 
function over a finite or infinite time horizon Such an optimization 
exercise (which would have to be subject to the above-mentioned con¬ 
straint on d) IS not attempted here, however, the analysis of this paper 
does hopefully provide many of the ingredients required for such an 
exercise 
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Direct versus Indirect Remedies 
for Externalities 
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Thu paper ii concerned with tax poliaei designed to obtain an improved 
competitive allocation in the presence of consumption externalities. It u 
known that the full optimum can, m general, be attained only through 
the imposition of excise taxes at difierent leveb for diflerent individuals 
Smee these may be ruled out (possibly because of implementatioa coats), 
one IS confined to consider second-best taxes llie common interpretation 
of the Pigouvian pnnaple has called for taxes on the extcmality-cteatuig 
commodities With no relationships between the consumption of different 
commodities the Pigouvian principle u obviously impeccable. But the 
exutence of substitutes or complements for an extcmality-causing com¬ 
modity raises the possibihty of mdirect policies treating the extemahty 
through the markets for related goods Obviously, if the direct policy u 
not feasible, the indirect treatment may provide some partial remedy. 
We show, however, that even when direct pohaes are available, the 
overall optimum may involve only mdirect policies An caianiplc with such 
a result u provided in the paper We also lut a number of cases m wliicb 
the traditional prescnption u confirmed, and the overall optimum m- 
volves only direct policies 


The economic analysis of situations involving extemaliues has focused 
on two related issues The first is the comparison between competitive 
equilibrium and Pareto-opbmal allocations, while the second concerns 
tax policies designed to obtain an unproved competitive allocaticm. 
The degree of improvement depiends, of course, on the scope of the 

The work of the first author was supported by NSF grant GS-SI688 at Harvard 
Umvenity, and of the second author by NSF grants GS-35S90 at the Univeisity of 
Cahfonua at Berkeley, and SOC-74-11446 at Stanfesd Univemly 
[Jrnrwhfftlmtl&mma, 1975, nl 84, no 4, |X 1] 
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available fiscal instniments and on the form of the externalities. It is 
known that the full optimum can, in general, be attained only through 
the imposition of excise taxes at different levels for different individuals. 
As we shall show below, a notable exception to this rule is the case of 
consumption externalities which depend on the total consumpUon of 
certain commodities by the economy provided that individuals disregard 
the effect of their actions on the level of externalities In this case, which 
Meade (1952) appropriately termed "atmosphere” externalities, ordinary 
commodity taxes are sufficient for achievement of the full optimum. 
This type of extemabty is the analog of the perfectly competitive model, 
because in the large-numbers case the individual would be correct in 
neglecting the influence of his consumption on the level of the externality 
in the aggregate In more general cases, for example, with a small number 
of consumers or with large numbers but asymmetries in individuals’ 
behavior or in externality generaUon, policies discnmmaUng between 
individuals are reqiured for attaining a full Pareto optimum Since 
these may be ruled out (possibly because of implementation costs), one 
IS confined to consider second-best taxes This is the case treated m this 
paper 

The problem of the opumal tax pohey is to determine the commodiues 
upon which taxes are imposed (or subsidies granted) and the opumum 
levels of these taxes The Pigouvian principle (Pigou 1932, pp 192 ff), 
accepted by all wnters (sec, for example, Baumol [1972] and the refer¬ 
ences therein), has been to impose a tax/subsidy on the generator of 
the externality In the case of nonreciprocal negaUve producUon cx- 
temahnes (smoke affecting costs of ncighbonng laundnes), this is achieved 
by imposition of effluent charges aimed at restricting output of the 
cxtcmality-creatmg factor In the case of reciprocal consumption ex¬ 
ternalities, the common interpretation of the Pigouvian pnnciple calls 
for taxes on the extemahty-crcating commodiUes Again, Davis and 
Whinston (1962), Plott (1966), Buchanan (1969), and others have shown 
that according to this pnnciple anomalous cases cannot be ruled out 
For example, with negative extemaliucs an improvement may be rcahzed 
by granting a subsidy rather than imposing a tax 

This literature has completely neglected the question of the proper 
variables to be taxed (or subsidized) With no relationships between the 
consumption of different commodities the Pigouvian prinaplc is obviously 
impeccable But the existence of substitutes or complements for an cx- 
tcmahty-causmg commodity raises the possibility of indirect policies* 
treatmg the extemabty through the markets for related goods Thus, if 
cars create smog, one remedy may be to tax goods complementary with 
car uips (such as recreation). 

It seems plausible that indirect pohcies arc m general inferior to direct 
pohcics. In the mtemational trade literature, for example, one finds 
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statementi that in the presence of market distortions (which may be 
viewed as a kind of externality) direct fiscal policy in these markets is 
always supoior to indirect policies (Johnson 1972). 

On the basts of a more general model, we reach a different conclusion. 
Obviously, if the direct policy is not fisasible, the indirect treatment may 
provide some partial remedy We show, however, that even when direct 
policies are available, the overall optimum may involve only indirect 
policies. An example with such a result u provided below Diamond (1973) 
has a similar example where the direct policy fails, but he has not con> 
sidered the possibility of mdirect policies We also list a number of cases 
in which the traditional prescription u confirmed and the overall optimum 
involves only direct policies 


The Model 

We consider a model which has two consumers who purchase an ex- 
tcmabty-causing good a and a related good p, among other commodities 
To rule out income effects we assume that utihty is linear in mcome net 
of expenditures on a and The umt costs of a and p are p and q Pohcies 
considered in this paper are per unit taxes/subsidics on consumption of 
a and P, denoted t and z, respectively Consumers face prices p + t 
and ; + ^ for these goods, and maximize their uuhty funcuons given by 

U = u(a!i, fiu * 2 ) + A”, + T,, (1) 

V = p(«2. Pi, «i) + X 2 + Tj, (2) 

where X, = I, - {p + t]oi, - (? + z)Pt, i = 1, 2, /, arc exogenous in¬ 
comes of the two individuals, and T, are lump-sum transfer payments, 
represenUng a redistribution of tax revenues 

Note that in this formulauon the individual’s consumpUon choices 
of a and P arc independent of his money income and his lumpi-sum taxes, 

T, 

The transfer payments are thoi^ht of as proportional redutnbutions 
of the tax revenue If 6 is the share of mdmdual 1 m the taxes collected, 

T. = 9[<(a, + or,) + z{P, -h P,)l (3) 

T, = (1 - 0)[<(«, + a,) + z{p, + p,)] (4) 

The first-order conditions for the mdmduals’ maximization problems, 
assuming that the others’ actions are fixed, are 

Pj = 7 + < 

It is clear that competiuve equilibria with ( k z » 0 sue generally 
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inefliaent. The goals of this study are to evaluate the comparative 
efficacy of t and z as policy tools and to investigate the seemingly intuitive 
presiunption that direct corrective taxation is a superior tool. 


Negativt Result 

In this section we present an example showing that indirect taxation 
may be a useful policy while direct measures are impotent To do this we 
demonstrate that t* = 0 is the optimal direct tax when z = 0 and 
that .c* 0 IS the optimal indirect tax when t = 0 A fortion, the resulting 

allocation, when indirect taxes are used, is superior 
Consider the case of a direct tax, and let 

u = no, t). 

( 6 ) 

V = ^(0, t), 

be the realized values of utihty in an equihbnum in which t and 9 are the 
pohey parameters These functions can be depicted as in figure 1 

The dashed curves are iso-'S^loci in the (/, 0) space A positive slope 
indicates d‘t/ldt < 0, since d<iljd6 is always positive Rcstncting ourselves 
to the pohey variables 9 and t, a constrained Pareto opumum is charac- 
tenzed as a maximum of “Sf + with respect to these variables Since 
there are no mcome effects, we have (d^ldO) s — {dt"Id9) 

This explains why all such constrained opuma (0*, t*) arc determined 
by /• alone, since any 6 would satisfy the first-order conditions. The 
first-order condition for an optimal /*, which is therefore the only opera¬ 
tive condiUon, is given by 

n ^ _ dr{o*, t*) 

dt dt ' 

In particular, the optimal t may be found by setting both sides of the 
last equation to zero However, since neither a nor fi levels arc affected 
by changes in transfers, this equation continues to hold for all 0 All 
Pareto optima arc associated with the same /*, as depicted in figure I 
Zero will be the optimal tax if 


0 = 0) 

(8) 

dt 

and 


P _ di^{9, 0) 

(9) 

~ dt 

for K»ne 9. 


Let 0} suod 02 ^ solutions of (8) and (9) 

0j ■« 02* 

Then, 0 requires 
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Dificrentiating the and 'f totally with respect to I using the budget 
constraints obtained by substituting (3) and (4) into (1) and (2), and 
making use of the hrst-order conditions (5), one can derive 


g ^ a, - Uj^daildl) 

‘ ati + <*1 

B = «i 4- »3(<^«t/^0 

^ «! + aj 


( 10 ) 

(H) 


where <k,ldt is the total derivative of consumption with respect to I, 
including the change induced through an altered level of the externality, 
in equilibnum In the case of an cxtemahty that is harmful to both mdi- 
viduals, It should be noted that 0, = ^ satisfied if (exactly) one 

of the mdividuals increases his consumption of the cxtcmabty-causing 
good in response to mcreases in the tax—that is, if dUfldt and da 2 ldt have 
opposite signs 

One can regard the change in demand as being composed of two parts. 
First, there is a direct effect of price, holding the externality fixed, which 
amounts to a pure-own substitution effect (movement along a given 
demand curve) Smee there are no income effects, this must be negative. 
Second, there is the effect of the altered level of the other mdividual’s 
consumption at constant pnees, the sign of which depends on the cross- 
denvative of utihty with respect to these arg^uments. If a higher level 
of the externality induces a greatly increased level of demand, this may 
outweigh the first effect and produce a posiuve total derivative with 
respect to The example of this section has this property, as will be 
seen below. 

Differenuating the first-order conditions (5) with respect to the a’s. 


* Thu u related to the perverse behavior of aggregate consumption of the extemakty 
generating good between equikbna aad Pareto optima, as d i ictuaed tn Oiamaod and 
Mirrleet (I97S). 
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fi's, and t, holding p and q fixed with z 
da^ldt, we have 
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0, and solving for deitldt and 


da I + ^31^ 

dt OP - 0? ' 


da 2 

It' 


*22 


P+ V 22 O 


( 12 ) 


OP - OP 


where 


0 U2iU2i ~ 

0 — Uj2>*23 ~ “l3“22» 

P = - vli, 

P = 1'i2023 ~ *’l3®22- 

Note that 0 and P are positive due to the second-order conditions. 
The terms 0 and P arc related to the effects of the cxtemabty on the two 
goods in question 

We have, therefore, that 0j = 0j if 

“3(“22^ + "22^) + *’3(“22^ + '’22^) = 0 ('3) 

Similarly, ‘H'iO, z) and if'(0, z) are the utilities attained when only 
indirect taxation is allowed, and dj and 02 defined by 


0 = 


d<i('(9\, 0) 
dz 


dr'[e'2, 0 ) 

dz 


(14) 


The optimal z will be different from zero whenever 0, # 02. Following 
the analysis above, 


da, 

Bi2<^ + »12<7 

dz 

-OP^ OP' 

da2 

#,2^ 

dz 

- OP + OP 


Condition (14) is therefore 

** 3 ^**\ 2 ^ + + faCwiz^ + ^ 12 ^) 0, (16) 

where all derivatives are evaluated at the consumption levels of the un¬ 
taxed equilibrium. Rewriting (13) and (16) we have 


P- 0 

El p — 

''3«'22 ^ 

“22 

«3 

II3U22 

Pit 

fh p - 

‘’ 3^12 Q 

“12 

“3 

“3“12 


(17) 

(18) 
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To show that (17) and (18) can be consistent, let U and V have the 
forms 

“/(ai. h) + ^(* 2 ). 


Thus, 


= a (« 2 . <ti) + Ml)- 

0 = 0 , 

P = -a,3F2,. 

P = 


(19) 


Hence, conditions (17) and (16) are 


-0 

i 

22 


and 


( 20 ) 

‘22 

**22 ^ 0 , ( 21 ) 

0 ^0 ( 22 ) 

Since zij, U 3 and t)| j are all negative, we can show that these rcladons 
may be satisfied when evaluated at points that would be chosen in a com¬ 
petitive economy without taxes This is done by selecting a value for 
U 3 to satisfy (20), having fixed all of the other funcUons Because of the 
separable functional form of U, this can be done without duturbing cither 
of the relationships (21) or (22) In order to be sure not to violate the 
nonpositivity of Bj in doing so, we require 


0 


‘22 


(23) 


It IS therefore necessary to show only that the functions / and h can be 
chosen so as to satisfy (23) Let us take 


y(®u fil) ~ + ^1 1 > ®i) 0, 

^(® 2 i «l) = ® 2 *®r'> I > «2 > 0 , r > 0 
One can show that 


\«ij Vij 


(2c+l)*,rtl-*l-*l) 


(24) 

(25) 

(26) 


If ^ and q > 6 ,, then », j becomes arbitrarily large and negative 
as c becomes large Further, the equihbnum values of Uf and fif are 
independent of c; hence OIU 22 is fixed Therefore we can choose c suffi¬ 
ciently large and will obtain the desired example 
Two further remarks need to be made m this context. We have not 
shown that the only solutions to the first-order conditions are of the form 
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(* B> 0 , jt 0. However, we have placed no restriction! on H 3 m 
except at the point given by the choice of Kj with zero tax rates on both 
commodities One can easily see that by choosing g'{a 2 ) appropriately 
at other values, it can be arranged that (19) is not satisfied at any nonzero 
t. Hence the local character of this example can be extended globally 
to imply that no direct commodity taxation can improve the laissez- 
faire equilibrium, although indirect methods are effective. 

Second, one might want to know the sign of the tax (subsidy) in the 
market for p which is superior to any direct taxation on a Suppose the 
externality is harmful so that Uj, t/j < 0 and that a and P are complements 
in the ordinary sense of a n^abve cross-elasticity of demand. Here we 
would expect a positive tax level to be the optimal mdirect action, tending 
to reduce the level of the extemahty 
A positives will be optimal if, at z =* 0, we have 
where and ‘f' are as described above. 

This is equivalent to G\ < Or, following an analogous denvation 
to equations ( 10 ) and ( 11 ), this is. 


dai 

dz 


< V 




(27) 


Subsututmg (15) in the above we have 

„ “ 12 ^ -f VijO «12^ + fiiO 

" OV - 0? ^ Df^-OV 


< 0 


(28) 


Since ^7 = 0 in the above example, and > 0 by the second-order 
conditions, we have 

“ 3 (“l 2 ^ + » 12 ^) + < 0 (29) 


IS the condiuon for z* to be positive 

Using (16), since t* = 0 in the example, this becomes 

< 0 (30) 

Smcc Vi 2 IS zero, this is surely violated in the example, and the optimal 
indirect tax has the perverse sign—posiUve for substitutes, negative for 
complements. However, more complex examples m which Vj 2 0 may 

provide instances m which the sign of e* has the expected behavior and 
mdirect taxation is still superior This remains as an open question. 


Posttwe ResuUs 

Having seen that indirect correcbve taxation is superior tmder certam 
conditions, we now turn our attention to the classification of conditions 
under which such aberrations are impossible. The general problem of the 
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niperioiity of direct taxation will not be treated here. Our more modest 
results concern instances in which a zero tax on the related commodity 
is best, the optimum being to operate solely on the market of the ex> 
ternality-causing good even though more general pohcies are available. 
We will show that this u the case if mdividuals arc identical, or if the 
externality depends on the aggregate consumption of the good m question, 
each individual neglecting his influence on this aggregate. Again, certam 
remarks concerning nonconvexities must be made, but we will demonstrate 
some instances in which our conclusions hold without qualification 
Let 


u = me, t, z), 

V = F(0,1. z). 


(31) 


be the uulity levels attained with taxes t and z and redistribution parameter 
6 By the linearity of uulity in income, iV = U + V a mdependent of 0 
Necessary condiUons for an optimal pair of taxes (t*, z*) arc 


0 

0 


dW 

dt 

dW 

dz 


«= (oj + t) + (uj + i) + z 
* ' d/ dt 

= ("s + 0 ^ + (“s + ^ ^ 

dz dz 



(32) 


all denvaUves being evaluated at the pomts chosen with taxes {t*,z*). 
One can solve these conditions for I and z at the optimum This yields 


2* 


[(dat/dz) (dajidt) - jdixtldt) (da 2 /dz)](Vi - Kj) 
[(dajdl) + (dajdt)] [(dpjdt) + (dpjdt)] 

- [(dctjdz) + (dajldz)] mjdz) + {dp.ldz)] 


SubstituUng (12) and (15) in (33), one finds that 

z* = 0, ifpj = or P 12 U 22 = 1 * 11^21 (^) 

Two special instances in which these conditions hold are when individual’s 
preferences are idenucal, or when they are separable in P In general, 
however, the opumal policy will involve taxes/subsidies m mdirect 
markets Even in the case of idcnUcal uuliues the foregomg conclusicm 
depends on the fact that individuab will have identical consumpuons m 
equilibrium 

Fixing prices and taxes, we can think of each mdividiud’s choice of 
a as it depends on the level of the externahty he (aces This gives nsc 
to two identical reacuon functions, the mtcrsecuons of which arc equi* 
libnum consumptions of a for this model. We wish to establish that this 
equilibnum is unique and occurs at a symmetric piomt. That is, we want 
to establish condiUons for these reacuon curves to be as m case (1) rather 
than case (2), m figure 2 
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A condition for this uniqueness to hold is that the slope of the reaction 
curve be between 0 and — 1 everywhere This will hold if utihty can be 
written in the form 

«[/(«!. + aa), ^i3. » = 1, 2 (35) 

The interpretation of such a functional form is that the externality takes 
the form of aggregate consumption and affects the effective consumption 
of services a, but not fi In this context it is natural to assume that simul¬ 
taneous equal increases in the consumption of a by both individuals docs 
not increase the effccUve level for both of them Such an upward variation 
in a, and *2 (rfa, = changes/by fidai -I- /aC^a, -f rfa^) Therefore 
we require 

/i + 2/2 > 0 (36) 

The individual’s first-order conditions are 


“i/i = P + t, 

U2 = q + z. 


(37) 


Differentiating totally, the slope of the individual’s reaction curve is 
shown to be 

^ (38) 

daj fi + fi 

By (36) thu is shown to be between 0 and — 1 as desired 

In the foregomg analysis we have assumed that the individual takes 
mto account the full impact of his acUons on his uulity However, 
particularly in the case of a large number of consumers, it may be more 
natural to assume that consumption has direct benefits and also contnbutes 
to an extemality-causmg aggregate The individual may be ignoring his 
marginal contribution to this aggregate Thu form of externality has 
been termed “atmosphere” by Meade (1932), who fotmd that direct 
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taxation on the components of this aggregate could lead to a Pareto 
optimum In the context of the above analysis 

U ^If «1 + ai) + 

V = + at) + Jr, + Tj, 

The assumption that individuals durcgard their contribution to the ex- 
temabty is reflected m the equilibrium conditions 


01 = y> + <, 01 “ /> + <, 

01 = ? + -t. 01 = ? + -t 


(40) 


One should be careful m comparing (40) with the rather similar- 
looking condittons (5) The utility fimctions (I) and (12) are different 
from (39) in their behavioral implications because there the individual’s 
own consumption of a. affects his utihty m a way that he takes account 
of explicitly In (39) and (40) he optmuzes with respect to his choice of 
a. by setting the derivative of utihty with respect to its first argument 
equal to pnce but does not subtract the effect of tx through the third 
argument. If the same behavioral hypothesu in (39) were taken, we 
would have had 0i -(- 03 = 0i -f 03 = ^ + t, instead 
Letting IV = C/ 4- F we find that 


dW = (0, + 03)da, + 02<f^i + 03^83 (01 + 03)daj 

+ + 03^81 - 0(da, + (hi) - q{dPt -1- djJ,) (41) 

Using the first-order condition (40), 

dfV = (t 4- 03 4- 03)dZ| 4- (t 4- 03 4- 03)0*3 4- i{dPi 4- dfi^) (42) 


Thus t* = —03 — 03, =0 solves the optumzauon problem even 

though both direct and indirect tax pohcies are available 

Following Diamond (1973), a more general form of atmosphere-type 
externalities is given by the uuhty functions 

U = 0[a,, /Ji. ?(«,, a,)] 4- A’, 4- r,. 
y = 0[«i, Px, ?(«i. “i)] + Aj 4- Tj, 


for some function y. As above, individuals are assumed not to perceive 
their mfluence on the level of y, so that first-order conditions for their 
maximizauon problems are given by (40). 

Differentiating W with respect to t and c, a necessary condition for the 
optimal z* to be zero is 




(44) 


In the additive case y| ■■ yj, smd (44) u always satisfied. This will 
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also hold m the case of idendcal individtials in the absence of additivity 
(see above). 

It will also hold, even if individuals are not identical, provided their 
relative changes in the consumption of the externality-causing commodity 
with respect to the two taxes are equal, that is 

(ifai/ift) _ {(k,ldt) 

(dajdz) (da^ldz) ■ 

More generally, if (44) holds at a pomt where 

/• - (^3 + l^3)[(<fai/«ft)yi + /45\ 

[(ddjdl) 4- (d<x,/dO] 

and z* = 0, then this is an optimum. Notice that (44) and (45) imply 
that = 0 only when 

yj^dajdt) + y^{daildt) ^ y^ldcLjldz) + ytida^ldz) 

(daildt) + {doLiidt) {dajdz) {doL^Idz.) ’ 

which means that the sum of margmal extemahties, weighted by quantity 
response to direct price change (t) is equal to the sum of margmal ex¬ 
ternalities weighted by quantity response to indirect price change {£).* 
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Technology, Growth, and History 


Jeffrey G. Williamson 

IJmutrsity tjf WucoasM 


I. Theory and History 

There arc some economic probl^Ru for which hutoncal analysis is 
especially well suited, indeed essential Economic historians who fail to 
be motivated by this fact are doomed to have only the most limited and 
transitory impact on economic thought Paul David u one of our best 
pathfinders in this entwined thicket of theory and hutory. The appearance 
of his book Technual Choice, Irmovation and Economu Growth (1975) should 
help speed the diffusion of some highly original ideas on technological 
change, distnbution, and economic growth David is an economic 
historian—or better, an economist and a historian—who hanunm on 
the toughest theoretical nuts and who recognizes the true value of history 
in sheddmg light on economic dynamics 

The book is separated mto two parts A very long chapter 1 deals with 
technical choice, innovation, and technological change in very high 
levels of aggregaUon Here David writes macrohistory in the grand style 
and emerges graspmg an aggregate model of growth with the bias and 
the rate of technological change endogenous If it held water, it would 
be an achievement of some note I have doubts, and they arc presented 
at the end of this review m Section IV. They appear last m the review 
smee they reflect on Professor David’s thoughts of most recent vintage. 
The majonty of the book’s pages, however, arc devoted to “tnicro- 
historical” essays publuhed between 1966 and 1973, two of which have 
already become classics. Chapters 2 and 3 deal vnUi learning by doing 
as an endogenous source of efficiency improvement.' Section II will 


Although I accept ftiU reaporaibthty Ibr iti conlena, tfau review ha< been un p roved fay 
the cnUcal comments of Doo Oevoretz, Peter Liadeit, Sa m u e l Moricy, Alan Ofmttead, 
Nathan Rosenbeig, George Sngier, and Vernon Ruttan 

1 Chapter 2 waa onginally published as David (1970), although an “Addendum” 
(pp. 169^72) on laboi^uahty estimates has been added. 

[J«w«l VltbaMl I97fi. ml. M, no. 4. ps. I) 

O 1976 b, Tlie Ualwnlly of Chiem^o All rlabti r ww pA. 


809 




8io JOURNAL or poutioAL BoomniY 

attempt a critical evaluation of this materiaL Chapten 4 and 5 deal with 
the diffusion of new technology,^ and these are the subject of the com* 
mcntary in Section III. 


n. Microhiatory: Learning by Doing and Machine Quality 

When “Leammg by Doing and Tariff Protection” first appeared in 1970, 
it was considered by many one of the finest examples of empirical research 
on micro aspects of technical change Reading it again as chapter 2 has 
failed to change that initial evaluation, at least for me. In spite of the 
enormous mfluence which the learning hyjiothesis has had smcc Arrow 
(1962) made his formal restatement, few hard teats of the thesis exist. 
Certainly no economic histonan had yet evaluated the quantitative 
importance of the thesis in accounting for productivity performance. 

David’s contribution is extraordmarily ambitious First, it contains a 
test of various forms of the leaming-by-doing hypothesis using the 
antebellum cotton textile industry to generate his sample Two versions 
of accumulated experience (Fellner 1969, p 124) are utihzed, and the 
econometric results allow David to discriminate in favor of one over 
another cumulated aggregate output, David asserts, fails when compared 
with the temporal duration of production experience Second, the 
results of that test are apphed to the conventional infant'industry 
argument What makes David’s empirical results so interesting is that 
protectionists have long viewed American antebellum cotton textiles as 
the classic example in support of the infant-industry argument The 
econometne results ” imply that from a technical standpoint the 
blanket subsidies provided for all domestic entrants into cotton textile 
production were—from the Tanff of 1824 onward—a largely redundant 
set of measures, essentially the same benefits, such as they were, might 
have been secured under a Free Trade regime by poheies which selectively 
subsidued the accumulation of transferable knowledge denving from the 
commercial ofieration of pilot-learrang enterprises” (p 168) Third and 
most important, David then uses the estimated model to decompose the 
sources of productivity growth in this key industry durmg America’s most 
critical decades of industrialization. 

How important were experience-linked improvements in efficiency to 
New England’s leading firms “in the years (1834-60) following the era 
of major technical and organizational innovations” in the cotton textile 
industry (p 160)? We are told that learning accounted for eight-tenths 
of the annual total factor productivity growth during the 1830s. It was 
nearly three times as important as the rise of capital intensity (p. 164). 

* Hick chapten are both baKcl on papen in edited volumei Chapter 4, the iamoui 
reaper paper, was first puhhahed tn l^nd (J966), while chapter 5 Mppeutd in David 
(1971). 
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Furthennore, the retardation in subtequent productivity growth up to 
the late 1850s is attributable entirely to duninished leanung effects 
(p. 164). Were these findings supported by further research, they would 
be enormously valuable to our theories of growth and technologtcal 
progress. 

Given the major role played by machine quality elsewhere in the 
theoretical and hutorical literature, David’s result delivers quite a jolt. 
Indeed, his approach appears to clash even with a key portion of the 
leammg-by-domg literature itself. Kenneth Arrow (1962) thought that 
gross investment was the relevant index of experience, and that “pro¬ 
duction experience in ‘machine-building,’ rather than in ‘machme- 
using’ ’’ (p. 105) was what mattered David does not test Arrow’s thesis, 
but takes instead an antithetical position Since the issue is central to the 
remainder of the book, we may be forgiven amplification and detail. 
While David’s basic model attempts to adjust for changing labor quahty, 
no such adjustment is made for capital Indeed, he uses spmdles m 
operation as a proxy for capital services To equate an 1834 “spmdle’’ 
to an 1860 “spindle” requires the adoption of a very heroic view of 
techmcal change. David assumes that the major innovations were 
introduced by 1834, and that new capital goods for expansion or replace¬ 
ment were basically the same thereafter To the extent that historical 
reality was otherwise, the csumated learning coefficient is overstated. 
It follows that David’s heroic, comparative static view of machine and 
organizational improvement almost mevitably yields the high learning 
effects estimated 

It seems evident that future research demands more careful attention 
to the disUnctioii between learning from machine usmg and learning 
from machine building No doubt it was precisely this concern that led 
Professor David to write chapter 3 ^ The Lawrence No. 2 Mill was built 
at Lowell in 1834 by the Lawrence Cotton Textile Company and is part 
of the sample of New England firms analyzed m chapter 2. Between 
installation and 1837, “there appears to have been no sigmficant 
machinery replacement” and “no new mvestment m . this mill’s 
capacity” (p 176) While mamy improvements were made on the mill 
floor, Lawrence No 2 seems to conform to the classic short-run Homdal 
case—productivity improvement in fixed {aahties. David’s analysis of 
Mill No. 2 assumes great importance smee machme quality changes are 
minimized (though not eliminated) m this fixed-faahtics case. David 
estimates In(///y), = a — Aln(7')„ where {HjY) measures labor require¬ 
ments per umt of output and T is accumulated experience (years) smee 
1834. This regression uses four aimual observations—1839, 1846, 1851, 
and 1856—since these years are considered (the only?) full-capacity 


* Chapter 3 first appeared under the tame title m David (1973). 
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observations. The estimated short-run learning parameter is fotmd to be 
smaller than the long-run parameter estimated in chapter 2, 0.23 versus 
0.33 (p. 185). In other words, vintage of textile plant does cotmt, thank 
the Lord, and changing machine quality does matter. 

Although they have some obvious flaws, these two chapters suggest a 
promising methodology to disentangle the relative importance of learning 
by using machines and learning by building machines. Both are 
endogenous historical forces, but they have sufficiendy diSerent impli- 
cadons to warrant much more intensive research. 


£□. Microhistory: Adoption, Diffusion, imd Machine Quality 

Obed Hussey and Cynu McCoimick demonstrated their reaping 
machines in 1833 and 1834 The demonstrations were successful, as our 
elementary history textbooks tell us in heroic terms While the reaper did 
eventually revolutionize the life of grain farmers, at least at harvest dme, 
the adoption and diffusion were very slow during the 1830s and 1840s. 
These two decades were followed by an extraordinary burst of acceptance, 
and reaper production soared m the 1850s. Why did it take two decades 
for farmers to start rcplacmg wholesale their cradles and scythes for 
reapers and mowers? The diffusion of harvesting machinery in America 
was an important economic event deserving the attenUon which his¬ 
torians have lavished on it over the years Yet none of his predecessors 
attacked the problem with the analytical vigor contained in David’s 1966 
piece, “The Mechanization of Reapmg m the Ante-Bellum Midwest," 
repnntcd here as chapter 4 The contnbution was especially attractive 
since it offered a model capable of explaimng the classic S-shaped 
diffusion pattern Furthermore, the model appeared to be testable and 
could be used to decompose the proximate forces mainly responsible for 
the burst of acceptance in the 1850s Was it the boom in grain prices on 
the product demand sidc^ Improved machine quality and dimimshcd 
price? Increased labor scarcity’ Credit conditions? Size of farm? It is 
important to sort out these forces if we arc to enneh our knowledge of 
technology diffusion David supphes the followmg convenUonal neo¬ 
classical answer* “The story of the adoption of the mechanical reaper in 
the years immediately before the Civil War should thus be told in terms 
of the effects of both an expansion of grain acreage sown on individual 
farms and the downward movement of the threshold size as a result of the 
rising relative cost of harvest labor. But, of the two types of adjustment 
taking place during the 1850’s, the former must properly be accorded 
lesser emphasis" (p 216). This has a nice neoclassical ring to it. And 
where did the scarce labor pressure come from? It came from a midwest 
supply respcRise induced by a boom in grain prices. 

Whatever happened to our heroes Htissey and McCormick? The 
reaper is demonstrated in 1833 and 1834; from then on the supply side 
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of the reaper market plays a passive role, awaiting the right demand 
forces. And when demand spreads nationwide, scale economies insure a 
supply of even cheaper “standard” (1833-34 model?) machines: “For 
the country as a whole, as well as for the Midwest, this afforded economies 
of scale in the production . of reaping machmes. It thereby [ensured 
that] the long-run aggr^te supply schedule for harvesting machinery 
was more elastic than the farm labor supply” (p 219). What is the model 
by which the supply side of the reaper market is limited to thu walk-on 
part, while demand hogs the staged 

The key concept in David’s model is the “threshold” farm size. A 
farmer will purchase a reaper if its annual user cost is less than the aimual 
savings m wage costs attnbutable to the reaper. The threshold farm size, 
Sf, IS defined by « = SjwLs, where Lg are man-days of labor (per acre 
harvested) saved at some daily wage rate, w Credit conditions, depred¬ 
ation rates, mamtenance costs, and purchase price all enter mto the user 
cost of the reaper, c. Its quality, durability, and suitabUity to the topology 
detemune the extent of labor saved per acre In any case, farmers endowed 
with farm acreage greater than purchase the machine, while smaller 
farms do not If the frequency distribution, /(x), of farms by acreage is 
known (fig 1), then by calculaung Sg- we can predict the proportion of 
farms which should have adopted the reaper Only the average, ii„ farm 
size was available to David, not the distnbuUon. He assumed that 
changes in the {Sg — p.) “gap” were excellent proxies for the behavior 
of R, and as cmpincal support for the model cites the fact that during the 
early 1850s “the threshold pouit dropped from over 46 to roughly 35 
acres” (p. 215), while “a typical farm m [Illinois's] leading small-gram 
regions increased from 25 to 30 [acres]” (p. 216). The final step in David’s 
accounting is to allocate the sources of the declining {Sg — p„) gap into 
(I) a rising and (2) a falling Sg and its causes. 

The assumptions underlying David’s model are very strong. Indeed, 
it appears that “machine-supply” forces have been relegated to a walk-oo 
part by asiumptitm rather than by historical evidence. In a very important 
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paper on reaper adoption in Ontario after 1850, Pomfiet (1974) ihows 
that David’s conclusions are reversed. An analysis limited solely to 
(^T- — Hf) would have suggested that changes in factor prices dominated 
changes in average farm size in accounting for the Ontario adoption rate 
(Pomfret 1974, p. 11). Yet, when the Icnown distribution of farm sizes is 
mtroduced, Pomfret finds that “... David’s methodology would have 
produced a qualitatively wrong answer to the question of which of these 
two explanatory variables was the more important.. ” (p. 12). Further¬ 
more, Pomfiet’s model is qmte capable of generating S-shaped diffusion 
paths too! Indeed, “Analysis utilizing the size distnbudon of innovatmg 
umts sheds new hght on the diffusion process and [since] firms in many 
industries are lognormally distributed, this method of analysis has 
potenually wide applicability.”'^ 

The reader will note that Pomfret uses the term “firm” rather than 
“plant” m the above quote. If conUguous working farms (“plants”) were 
willing to share the rcapicr or mower (behave like an integpratcd “firm”), 
would the threshold concept lose its empirical relevance? How divisible 
was the reaper^ Is there evidence of informal, cooperative sharing 
includmg family or neighbor joint ownership? David devotes surprisingly 
httle attention to this fundamental issue, except to assert in a foomote 
that sharing was not common practice (p 208). Of course “common” 
practice would not have been necessary to insure its importance Impor¬ 
tance would have been insured if the practice was typical among farms 
bunched below Sj- in a given region. So crucial an assumption requires 
far more serious attenuon A recent paper by Alan Olmstead (1975) 
supplies just such detail It documents sharing frequency completely at 
odds with David’s assertion It appears that the issue of sharmg, con¬ 
tracting, and renting should have been resolved prior to David’s appli¬ 
cation of his diffusion paradigm to mnctcenth-century American farm 
mechamzation The data are there, Olmstead and others show that 
archival research can readily resolve these crucial histoncal issues. It is a 
pity that David failed to do so some 10 years ago. 

Chapter 5 extends the difiusion model to Victonan Bntain. The 
model is less novel but more relevant in explaining Bntish resistance to 
harvest mechanization from the 1840s to World War 1 Capital-intensive 
cereal production adopted during England’s previous “agricultural 
revolution” produced hedges, fences, and field layouts which were simply 
incompatible with mnetcenth-century labor-saving machmery. Simple 
enough, but in David’s hands the disadvantages of early mdustrial 
leadership become more concrete with this attention to the techmeal 
interrelatedness between modern machines and long-lived physical plant. 

* Pomfret (1974, p. 16). I should add that the concept is not completely novel, even m 
the literature on techoology m agriculture. 
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A final point deserves some stress. These two chapters require an 
extravagant expression of faith in comparative statics, a religious commit* 
ment even stronger than that underlying his leaming-by-doing analyns. 
Professor David assumes that a reaper is a reaper is a reaper—that there 
were no “significant” changes after 1833 in what David denotes the 
“standard” antebellum machine (Olmstead 1975, p. 329). While this 
makes the diffusion narrative more readable, its accuracy may be doubted. 
By so assuming, David ignores the equally important forces of quabty 
improvement and the declining relative price of quahty-adjusted 
machines Judged by Rosenberg’s (1972) overview, David’s assumption 
IS almost always made by economists confronting the diffusion issue, but 
there is absolutely no evidence to support it On the contrary, abundant 
quabtative documentation of the “basic reaper’s” improvement from a 
heavy, primitive device, hard to transport and prone to very frequent 
breakdown, to a more maneuverable, lighter machme requiring leu 
maintenance and fewer operators, can be found in the classic accounts by 
Rogin, Ardrey, and Hutchinson A striking quantitative example is 
supplied by Pomfret (1974, p. 4), whose careful attention to quahty 
changes in Canadian farm machmery offers quite a different evaluation 
of the forces influencing mneteenth-century North American farm 
mechanization The improvement m the quahty of machmes gets top 
bilhng, increased farm size ranks second, while “labor scarcity” drops to 
last place Is there any reason to bebeve that a recalculation of the 
American rmdwestern experience between the late 1840s and early 1850s 
would conflict with Pomfret’s Ontano story for the 1850s and 1860s? 
Surely there were machine improvements in the early American hand 
rake (Olmstead 1975, pp 344-51), and the quantitative importance of 
those “secondary inventions” is an empirical issue which no amount of 
theorizing will resolve 


IV. Msmrohistory: Labor Sesuxity and Technological Progress 

Chapter 1 contains totally new material and presents a breathtaking 
challenge to the reader It is long, difiicult, and demanding Before the 
reader can begin to comprehend, appreciate, and cntically evaluate 
these 90 pages, he must grasp the microanalytic ideas of the later chapters, 
he must have an excellent grounding in the recent theoretical bterature 
on growth and technical change, he must have a working knowledge of 
the mneteenth-century historical facts, and he must have read the recent 
histoncal literature—cUometne or otherwise Paul David is a Renaissance 
economist drawing on more than a decade’s reflecQon on the dynamics 
of the macrohistorical process 1 find myself in ftequent disagreement 
with the chapter, but never bored. 

Three issues have always been centra! to enqiiricsd and theoretical 



8l6 JOURNAL OF POLmOAL EOONOKY 

studies of growth, development, and distribution. (1) The rate of 
technological progress* Why is the rate of productivity growth higher 
for some economies than others, for some sectors than others, for some 
historical eras than others? (2) The factor-saving bias of technological 
progress' Why is the rate of labor saving more pronounced in some 
nations than others, m some sectors than others, in some historical eras 
than others? (3) The choice of technique. What are the techmques 
available at any pioint m time and what determines the ultimate selecUon? 
Conventional economists are accustomed to partitioning these three issues 
into distinctly separate optimization problems, each capable of indepen¬ 
dent analysis. David rejects this approach and searches for a framework 
of historical dynamics which can deal simultaneously with all three 
What are the historical facts? Interest in the “stylized facts” goes back 
at least as far as the 1840s when European visitors viewed American 
technology with amazement The British observers were the most lucid 
and prolific They directed their comments to the three central issues 
(p 21) In modem vernacular, America adopted more capital intensive 
technologies, had a more dramatic Hicksian labor-saving bias, and 
registered more rapid rates of total factor productivity growth Casual 
contemjxirary empiricism of this sort was sufficient to build Habakkuk’s 
(1962) classic Ammcan and Bnttsh Technology m the Nineteenth Centmy 
Oddly enough, in spite of the justifiable attention which Habakkuk’s book 
has attracted in the years since, we do not have much more in the way 
of hard nineteenth-century facts, especially regarding the bias (Asher 
1972) However, the twentieth-century macroeconomctnc evidence 
seems to be consistent with the labor-saving charactenzaUon 

Scarce labor would surely explain the more capital intensive tech¬ 
nologies in Amcnca, but what about labor saving? Fellncr’s (1961) 
analytical solution was to drop the pierfectly competiuve assumpUon, to 
rely on differentially imperfect factor markets, and thus to stress 
entrepreneurial anticipation of future changes in the relative marginal 
costs of their inputs Given Habakkuk’s (1962) charactenzauon of U S 
labor supply as bemg relatively inelasUc, the countervailing labor-saving 
bias of new technologies was rationalized David is unhappy with this 
approach primarily because American natural resource abundance fails 
to play a convincing role (pp 33-39) 

David’s alternative hypothesis begins to emerge m pages 62-68, and 
a simplified version appears as figure 2 Clarity is achieved by restricting 
our attention to two mputs and two techniques. The ^-ray is always 
more capital intensive than the a-ray Current engineering knowledge 
IS described by APP, the “available process frontier.” Thus, England 
with cheap labor and facing an input price line pp selects along the 
labor-intensive a-ray Amenca with its dear labor (p'p') selects ri, on the 
capital-intensive ^-ray. So far, this is nothing new. But note that the 
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histoncal condiuons which produce and thus the technique choice at 
A, now start in motion a dynamic urcversibility in the global bias. In 
18 pages (pp 68-86) of sophisticated appeal to random walks and 
compulsive sequences, David presents an analytical justification for 
expecting 

. an incidental, myopic exploration of the ^-ray But as this 
learning process proceeds, the power of pnce variations to halt 
the emeiging labor-saving drift of the APF begins to dimmish. 
Once the point of the fl-ray's mtersecOMi with pp is reached, a 
mere restoration of the status yuo asU* m the &ctor markets would 
surely not draw even the most myopic producer back to the 
a-technique Eventually, even with progress down the (l-ray 
occurring at a retarded rate—as we generally expect to haj^icn 
on a learning curve—the APF would become app rox i m a triy 
L-shaped ... There is thus some theorcucaJ basis lor seeking 
the origins of the modem configuration of a soaety’s technology 
in the accidents of its rtmoU factor-price history. [Pp 66-67] 
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Figure 2 conforms to the stylized facts: (1) Amenca is more capital 
intensive at ^^3 than Britain at B,‘, (2) the rate of labor saving is more 
dramatic in Amcnca as she moves from to A while Britain remains 
stationary at B,; (3) America’s rate of total factor productivity growth 
IS higher Why doesn’t Britain explore her a-ray^ Presumably because 
she has already completed her leaming-by-doing sequence. This is an 
extreme view, of course, taken only for emphasis; the same point can be 
made by allowing Britain to myopically search her oc-ray and to move 
from Bg to B, Why does Amenca move more rapidly along fi than 
Britain does along Amenca exhibits higher total factor productivity 
growth because her leanung>by-doing rate is more dramatic Accordmg 
to “Habakkuk’s theorem,” the scope for learmng is greater simply because 
there is more to learn about a machine-intensive technology The 
“theorem” is cntical to David’s macrohistory, it has yet to be tested. 

What is the accident of Amenca’s “remote factor-pnee history” which 
starts this unique and irreversible dynamic process^ The answer lies with 
natural resource abundance, a conventional answer pierhaps, but the 
reasons arc unconventional “ . relatively capital-intensive tech¬ 

niques were also relatively resource-using” (p 88 ). David’s macro- 
history IS now complete “ even if the same labor-capital price ratio 
(pp) had faced producers in Britain and Amcnca, the comparatively 
greater availability of natural resources would have suggested to some 
Amencan producers the design, and to others the selecuon for use, of 
more capital-intensive methods Techmque would be chosen in 
preference to methods like a And from such choices immediately would 
flow the consequences for the global characteristics of the ensuing 
technological developments in each country, as has already been 
deuiled” (p 90) 

V. Reprise 

Most of my difficulties with David’s macrohistory stem from his curious 
disregard for commodities, industries, and sectors There is no industrial¬ 
ization in David’s book The demise of the farm, the nsc of the city, 
western setdement, unbalanced rates of output and total factor pro¬ 
ductivity growth—these elements are totally absent from David’s account 
I think his narrative is weaker as a result 

Years of macroeconometnc work have established evidence of labor 
saving, at least in twentieth-century Amenca. David cites much of this 
work but fails to note that Monshuna and Saito (1968) attribute the 
vast majority, if not all, of (global) labor saving to a shifUng output mix 
toward capital intensive (machines cum skills) commodides This raises 
a set of questions which are completely ignored in David’s narrative* 
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What role does commodity demand play in determining output mix, and 
thus an economy’s position on APF* (or some appropriate contract curve), 
and thus subsequent historical dynamics? Ck>uld it be that progress in 
income per capita, whatever its causes, generates its own (aggregate) 
labor-savmg bias via Engel’s law? Cbuld it be that unbalanced rates of 
(neutral) total factor productivity growth, high in modem capntal 
cum skill-intensive sectors and low in traditional unskilled labor-intensive 
sectors, insure a shift into cheapening modem products, thus generating 
an aggregate labor-saving bias? My own feeling u that this is the stuff of 
macrohistory, that general equilibrium analysis is essential for such 
problems, and that the partial equihbnum graphics of figure 2 are 
simply not up to the task. 

Furthermore, David’s account relics too heavily on leaming-by-using 
machines There is no attention to the machine-buildmg sector How 
can we write a macrohistory without cxphcit attention to the capntal 
goods sector’ The extraordinary plunge of American machme prices 
(Williamson 1975, pp. 2-5, 103-12) cannot be ignored in any such 
history This Amencan success story needs explanation because, at least 
in my view, herein lies the key to America’s choice of machme-mtenuve 
technologies and machine-intensive commodities I suspect the explana¬ 
tion wdl require greater attention to labor of dificrent skill and scale 
economies in capital goods production (Bnto and Williamson 1973) 

In spite of such criticisms, the reader can plainly see that Paul David 
asks very difficult and extremely interesting questions indeed. Technical 
Choice, Innovation and Economic Growth is a stimulating book. One can only 
hope that more chometncians will follow David’s lead and mcrease their 
historical stake in gardens which promise yields equally relevant to 
mainstream economic thought 
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Communications 


The Friedman-Savage Utility Function in 
Cross-cultural Perspective 

Frederic L. Pryor 
Swarthmon CalUgt 


A. Introduction 

In their classic article on the utihty of wealth, Fnedman and Savage 
(1948) tried to devise a utihty function to eqilain a variety of apparently 
conflicting phenomena For instance, why do people who normally do 
not play gambling games such as calling headsK>r*tail8 paruapate m 
lottenes’ And why do people who gamble also buy insurance^ 

The purpose of this note is to show that the ideas underlying the Fried* 
raan-Savage utihty function can permit us to make accurate predictions 
about which precapitalist soaebes do and which do not cngagejn gambling. 
The supporting data are macroectmonuc, and the tests arc earned out 
using a simple mulbvanate least-squares regression analysis 

B. The Utility-of-Wealth Functiou 

The Fnedman-Savage utihty funcbon has a rather strange shape, which 
IS shown ui figure 1 below. The ublity function is the curve U—U'. A 
person normally has wealth (V, and experiences a utility U, He now (aces 
two dificrcnt gambling situabons, in both of which his expected wealth 
after the bet (i.e., the sum of the probabihty of winning mulbplied by 
hu wealth posibon if he won plus the probability of losing multiplied 
by his wealth position if he lost) is the same as hu normal wealth rituatkm. 

Some of the costs of wnting this assy were financed by the Swartbrnore College 
Faculty Research Fund, for which I ea p r a s my gratitude Uiefid mmtTvnU on aa eailia 
draft wore graciouiiy wmdied by Van Doom Ooms, Steven Filter, andHemard Saftan. 



8ai 



JOURNAL OF POLmOAL BOONOliy 


823 



Determining whether the person will take either of the bets simply in¬ 
volves calculating his expected utility after the bet, which in turn is 
determmed as the sum of the probabihty of winmng multiplied by 
the utihty of his wealth position if he won plus the probability of his 
losing multiplied by the utihty of his wealth position if he lost. In the 
first bet, the person will have wealth position L if he loses and wealth 
position G if he wins The weighted utilities of these two wealth positions 
falls somewhere on the line L-G and, given the odds menuoned above, 
this is at pomt P (where the hnc indicating the expected wealth outcome 
intersects Ime L-G). Since point P has a uUlity less than l/„ the person 
will not take the bet. In the second bet, the person will have a wealth 
position £ if he loses and a wealth position G' if he wins. The weighted 
utilities of these two wealth positions falls somewhere on the line L-G', 
and, given the odds mentioned above, this is at point P'. Since point P' 
has a utility more than the person will take the bet. 

Friedman and Savage tried to interpret the derived utility curve in 
terms of the entire society, an interpretation which was subjected to 
attack by Markowitz (1952). Nevertheless, the basic shape of this curve 
has been accepted for more than a quarter of a century. 
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Empirical verification of this function hat rested, as far as I have been 
able to detemune, exclusively on microeconomic data. My nuicro- 
economic approach extends a number of microeconomic propositions, 
and I focus my analytic attenuon particularly on the wiggle in the curve 
and the points left of point G' I do not deal with situations in which the 
ctirve begins to show a marked dimmuhing marginal utihty agam to the 
right of point G'. 


C. The Test Situation and Alternative Hypodieses 

What kind of determinants can be used to predict the presence of gambling 
in a worldwide sample of 60 pnnrutive and peasant socieUes? I draw 
several predictions from the Fnedman-Savagc utility function and then 
discuss a senes of alternative hypotheses found in the anthropology 
literature 

Before the Friedman-Savage utihty function can be used as a basis for 
prediction, we must inqmrc briefly into the authors’ underlymg justifica¬ 
tions of the nsing marginal utility of wealth Most of their discussion is m 
terms of rauonahzing the behavior of mdividuals who both gamble and 
take out insurance However, such behavior is based on certain conditions 
in society They suggest that the two convex segments correspond to 
“qualitatively different socioeconomic levels, and the concave segment 
to the transiuon between the two levels On this interpietation, mcrcascs 
in income that raise the relauve position of the consumer umt in its own 
class but do not shift the umt out of its class yield diminishing marginal 
utility, while increases that shift it into a new class, that give it a new 
social and econormc status, yield increasing marginal utihty’’ (pp 
298-99) The greater the possibility of achieving such qualitatively 
different statuses, the greater the possibihty of the presence of gambling. 
We can predict, therefore, that there should be a [lositivc correlation 
between socioeconomic inequality and the presence of gambhng m the 
various societies in the sample, a hypothecs validated below ' 

Another imphcation can also be drawn Individuals in societies where 
members feel themselves close to the subsistence level of mcome should 
have a very high disudhty of loung since (if they have average incomes) 
losing might bring them close to starvation, therefore, the presence of 
gambling should be inversely correlated with this condition Unfortun¬ 
ately, the measurement of income level raises some diflkult proUems. 

‘ A hiddeii sumpuoo in dus ugumeni u that loaal-claa moUity n difficult sad that 
gambling u one oTthe tew easy chaondi of mobdiiy It ihoaJd be added that thaasgument 
does ml teM on any atnimpbon about (he uubiy of any given amount of wealdi bnng the 
•ame for the individual soci e ties or (be utility fiiacuont bewg nmdar. Kaihet, 1 am 
s um i n g only that the utiltty-of-wealth fi men o o s have the same general ffiapr (two 
•egmenls widi diminhhiog marginal udlity of vnalih, separated fay a with an 

■ncreaniig marginal utility of wealdi.) 
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Sahbns (1972) presented convincing evidence that highly primitive 
hunting and gathering societies are nowhere near this subsistence point, 
as shown by the fact that members of most of these societies spend very 
little time searching for food For instance, according to Lee (1966), 
the !Kung Bushmen of Botswana, who are among the most primitive 
|)eoples of the world, spend less than 20 percent of their work time looking 
for food Boserup (1965) has presented more controversial evidence, 
showing that the most primitive agricultural groups who employ slash- 
and-bum agricultural techmques spend much less tunc farming than do 
farmers using much more “advanced” techniques Since the food supply 
of these highly primitive societies can be increased by gathering natural 
products for a few more hours of the day, they should not feel close to the 
subsistence limit. Therefore, this subjective condition should not be corre¬ 
lated with the actual level of eoinomic development, at least as con¬ 
ventionally measured by anthropologists such as Cameiro (1973) or 
Murdock and Provost (1973) 

It does seem reasonable to suspect that the long-term feeling of closeness 
to subsistence occurs where the yearly food supply is qmte uncertain. 
One such situauon occurs in “hard” environments such as arctic, seim- 
arctic, or desert environments, where climaUc shifts arc considerable 
and the food quest is very difficult Another such situation occurs in that 
type of subsistence production in which the maintenance of a critical 
mimmum capital stock is qiute uncertain at all times for the various 
individuals in the society Of the five modes of food production (hunting, 
gathering, fishing, herding, and farming), it has been argued (eg, by 
Colhns 1965) that such uncertainty is greatest in ammal husbandry, 
where the herder must keep the size of the herd above a cntical minimum 
and growing as fast or faster than the food needs of the herding family. 
In nomadic herdmg societies, where the entire food supply comes from 
the herds and a herd is in many different places during the course of the 
year, the dangers that the size of the herd may be reduced below the 
critical minimum by disease, theft, stampede, climauc occurrences, or 
accidents seem sufficiently g^reat that g^amblmg losses may have a very 
high disutiLty. Therefore, from considerations underlying the Freidman- 
Savage discussion, we can predict that the presence of gamblmg should be 
mversely related to hardness of the environment and also to reliance on 
nomadic herding; positive evidence for these predictions is presented 
below 

In the anthropology hterature, discussion about the determinants of 
gambhng is much different and considerably less ngorous. Some of the 
studies are inductive correlation exercises (e.g, Roberts and Sutton- 
Snuth 1966), while others attempt to trace the determinants of gambling 
to certain psychological variables such as values or attitudes induced 
by child-rearing practices. More interesting propositions come from 
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various ethnological studies in which authors are trying to explain the 
presence of gambling in the societies they are investigating. 

One common hypothesis from this latter literature is that gambling is 
related to the level of econoimc development More specifically, the 
higher the developmental level, the greater the individualism m the society 
and also the greater the breakdown of “strict tribal morality,” two factors 
which might contribute to violauons of mjunctions against gambling. 
In addiuon, it is aigued that econoimc development is related to the 
domestic use of money for commercial purposes and that such money 
serves to facihtate gambling We can test not only this relationship be¬ 
tween economic development and the presence of gambling but also 
particular aspects of the argument For instance, we can test whether 
gambling is related to mdividualism by looking at proxies for individualism 
such as presence of nuclear (rather than extended) families and the absence 
of. important lineage structures We can also test whether the presence 
of money influences the presence of gambling 

Another kind of aigument found m the anthropiology literature rests on 
the possibility of cultural diffusion and comes in two versions. Version one 
IS quite common gambling anscs from the cultural degeneracy which 
allegedly occurs upon extensive contact with the West We can easily 
devise a measure for contact with the West, unfortunately, I expended 
much effort in coding various societies at periods in which such contact 
with the West was mimmal, so that it is difficult to test this hypothesis 
satisfactorily with my data Although, m fact, the calculated regression 
coefficient for the contact variable is not statistically significant, a certain 
verification is found by lookmg at particular cases For instance, it is 
worth noting that at least three societies in my sample, namely the Truk 
Islanders of the Pacific, the Siane of New Guinea, and the Calhnago 
Indians of the Caribbean, apparently did not aboriginally have gambling 
but adopted such practices after extensive Western contact. 

A second version of the diffusion argument anscs from an observation 
by the Famous anthropologist Robert Lowie (1934, p 169), who observed 
that gamblmg is especially prevalent among the Indians of North Amenca 
(north, that is, of Central Amenca) He did not specify whether gambling 
was a trait brought by the onginal settlers of North Amenca thousands 
of years ago and mamtained by the vanous groups which spht off to 
form separate societies or gamblmg was diffused more recently Neverthe¬ 
less, I included a spiccial location vanablc to take care of this contingency. 

A final aigument which fnends of nunc have suggested extends another 
intrasocictal argument to an intcrsocictal level m some aocieties most 
members arc “nsk lovers” and therefore pracUce gambling in order to 
fulfill this personal and cultural need MamfestaUons of “risk loving” are 
reliance on modes of subsistence in which there is a high daily variation 
in supply (e.g., hunting and fishing) or where the environment is “hard". 
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Thus the risk-loving hypothesis predicts that gambling will be positively 
correlated with the hardness of the environment, whUe the economic 
considerations discussed above predict exactly the opposite relation. It 
turns out that this risk-loving hypothesis provides very poor predictors of 
the presence of gambling. 

D. The Sample 

There are 60 primitive and pieasant societies in the sample used for in¬ 
vestigating the hypotheses discussed above, and they were drawn from 
all over the world Murdock (1937) has divided the world up into 60 
cultural areas, and 58 of these arc represented in the sample. More than 
85 percent of the 1,770 pairs of societies arc more than 2,400 miles away 
from each other Each society was coded for a particular year, usually in 
the second half of the mnetcenth century, before much Western contact 
had occurred, however, this did not prove possible for some of the 
societies m the sample 

The data for codmg the societies were drawn from more than 1,200 
ethnographic sources, and this project represents a very small piece of 
a much larger comparative study of distnbuUon in primitive and peasant 
societies (Pryor, forthcoming). My codmgs for the presence of gambling 
can be checked against the codings of Murdock and his associates for the 
presence of games of chance, and considerable agreement is obtained ^ 
Difficulties in the coding of the independent variables was mimmued 
in several different ways. First, only one coder (myself) made the various 
ratings, so that problems of intercodcr reliability did not arise Second, 
the data on the mdependent variables were collected for a purpose 
much different from this exammation of gambling, a fortuitous circum¬ 
stance which might mimmize bias Unfortunately, I did not have sufficient 
research funds to hire an independent coder so that independent raUngs 
of the vanables could be compared with mine 

A hst of the societies in the sample, along with the codings of the different 
vanables, can be found in the appendices Further detaib may be obtained 
from the author. 

E. The Calculatioiis 

The codmg of the presence of gambling was earned out in two different 
ways. In one coding I set up three dummy vanables, where 0 = gambhng 
not reported; 1 » gambling reported but not an important economic 

* The codings on games of chance come from the Ethugraphu Atltu, 1972 card version, 
obtained from the Ethnographic Atlas project of the D^itment of Anthropology, 
Univemty of Pittsburgh. ^ the 43 societief for which their and my codings could be 
compared, we agree on the presence or absence of gambhog in 37 (86 percent) of these. 
There was no systematic bus shown in the error pattern of the six societies where our 
codings tU&red. 
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activity; and 2 » gambling reported as important economic activity. 
“Importance” represented my subjective judgment on the relative value 
of the goods changing hands in such activities as a percentage of total 
societal income Another type of gambling variable was also examined 
(■where the dummy variable had only two values, denoting whether 
gambling was present or not), but the explanatory power of these regres¬ 
sions was somewhat less, and the experiments were abandoned. Several 
alternative measures of the level of economic development were also in¬ 
vestigated and dropped because of lower explanatory power than the 
variable chosen. 

The dependent vanable plus the 10 proposed mdepiendent variables 
are presented in table 1 below, along with their correlations It should 
be noted that there is a certain amount of mulucollmcarity among the 
explanatory variables, and therefore we must adopt special procedures 
The most simple is to select subsamples of variables and determme which 
groups lead to significant regression coefficients and the highest coeffidenta 
of determination, and this procedure was followed The nsk-lovmg 
hypothesis and the contact-with-the-West hypothesis quickly fell by the 
wa-ysidc The variables connected with mdividuahsm (i c, presence of 
lineages and the type of family) also did not seem very important and were 
dropped. The hardness-of-environment variable and the nomadic- 
herding variables are sufficiently correlated to each other that only one 
must be used in the statistical analysis, the latter was chosen because 
there was less subjectivity in its coding and also because it yielded some¬ 
what higher coefficients of detemunauon, a fommate congruence of 
events 

In the final rounds of testing, five independent variables remamed. The 
major difficulty arose in decidmg whether the economic-development 
vanable or the social-inequality vanable should be retamed m the regres¬ 
sion If we calculate a regression with all five mdcpiendcnt variables, the 
coefficient for the development variable is not statistically significant, 
while the coefficient for the inequality variable is. Further, the coeffiuent 
of determination for the regression if the development vanable is dropped 
IS somewhat higher than if the social-incquahty vanable is dropped. 
The final r^ression can be shown thus 

PG « -0.2811 + 1 3302 LNA + 0 4151 DCM 
( 1514) ( 1256) 

+ 0 2372 SI - 0 4299 NH = 6757 

(0746) (.1%!) » = 60 

where PG «= presence of gambling (0 = not present; I « present but 
unimportant or present and importance unascertamable, 2 « present and 
an important redistnbuUve mode); LNA » location m North America 
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(excluding Central America and the Caribbean islandi) (1 m ya; 
0 no); DCM « presence of a domettic commercial money (1 <= yei; 
0 «■ no); SI Bt presence of socioeconomic inequality (a five-point scale: 

1 m little or no socioeconomic inequality; 3 ■> considerable sooo- 
econtnnic inequality); JVJf m society nomadic or seminmnadic and more 
than half of its food supply coimng from animal husbandry (1 yes; 
0 « no); B coefficient of determination; n b size of sample, and 
numbers in parentheses b standard errors ^ 

Several techmcal aspects of the regression deserve brief mention. 
First, this 18 the combinaUon of four variables which has the highest 
coefficient of determination of any of the combinations which 1 tried. 
Second, the calculated regression coefficients arc quite robust; when one 
of the variables is dropped from the calculations, there is not a gpeat deal 
of change in the calculated slope coefficients of the other variables. 

The most important feature of the regression for this discussion is that 
the calculated coeffiaent for the socioeconomic-mcquahty variable is 
statistically significant, thus confimung a deduction from the Fncdman- 
Savage utility analysis The calculated coefficient for the nomadic herding 
variable is also statutically significant (at the 05 level) and cemfinns an¬ 
other aspect of the Fnedman-Savage discussion. The significance of the 
coeffiaent for the money variable confirms a conunonsense economic 
proposition which rests on intuitive notions about the imphcabons of 
liqiudity The only variable reflecting considerations discussed in the 
anthropology literature is the location variable, which shows, I believe, 
that the presence of gambhng depends not only upon the presence of 
money or social incquahty or the absence of nomadic herding but also 
upon some sort of diffiision phenomenon which remains to be explored 

In short, these results suggest that dcducuons from economic theory 
about gambhng serve us well in examining economic systems much 
different from the mdustnalized, capitalist economics to which our 
theories refer Further, we can derive from the strangely shaped Fnedman- 

’ A problem in mccrpreting ebe luusbca! significance of ibc coefiBcxnts arm m the 
foUowuig manner' the presence of cultural difiution of gambling among the 11 North 
American societies kiwen the number of independent cases, and t bc re fc re our degras of 
freedom are lowered It is noteworthy, howcW. that the calculated coefficients of most 
of the vanablei in the r e gr e ssi ons contmue to have high Ucam, even when the variable 
representing the location Csctor u removed For thu reason, I do not believe that diis 
problem of loa of degrees of freedom u aenous Additional statistical probieois anae 
because the dependent vanabte u a dummy varuble, which means that the estimatna 
are unbiased but not efficient (Kmenta 1971, p 427), and, fiirthrr, because the error term 
a not normally distributed, the estimators of the constant coefficients are not normally 
diitnbuled, and thus the clasne tests of sigmficance do not direcUy apply However, mice 
It was the sue of the coefficient of deiemunation which provided the test for the choice 
of the comlanation of variables, rather than the l-tesi, I do not behevc that mvcatroenl in 
more sophisticated esumatton techniques for the coefficients of the indi^endent vannbks 
would have a very high payoff (especially since canmination of the regiemn resahmh 
did not suggest that the he t eroscedamcity probicro was vny acverc) 
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Savage utility function several propositions which receive impressive 
empirical validation from our sample of 60 primitive and peasant econo¬ 
mies Although the presence of gambling among societies in the sample 
cannot be explained by exclusive rehance on propositions derived from 
the Fnedman-Savage analysis, they certainly help us explain an im¬ 
portant part of the variance. 


Appendix A 

Societies in Sample 

The listing below gives the societies in the sample, alternative names, locations, 
and dates to which the data apply. 

1. Alor • Atimelang village, Alor, Lesser Sunda Islands, Indonesia; 1900 (before 
extensive contact with Chinese or Ehitch). 

2. Amhara. Gondar district, Ethiopia, 1900 (before extensive reforms and 
changes). 

3 Ao Naga ' Assam valley, India, 1885 (shortly before British conquest). 

4 Awetkdnui ■ Dalbergia, Santa Catarina, Brazil, 1913 (before “pacification”). 

5 Aionde [Zande, Niam-Niam] primarily m northeast Zaire, but also Sudan 
and the Central African Republic, 1905 (before European admuustration) 

6 Azltc [Tenochca]: central Mexico; 1519 (shortly before arrival of Cortes) 

7. Baum [Khamseh] Pars, Iran, I9M (shortly brfore Barth’s fieldwork). 

8. Bautk [Toba-Batak]. Sumatra, 1880 (shortly before intensive missionary 
work). 

9 Bfal area around Rajpipla, Gtyarat, India; 1935 (shortly before the field¬ 
work of Koppers) 

10. Bnbn [Talamanca] Costa Rica, 1866 (before strong Western influence). 

11 Calbnago [Island Carib] Dominica, Lesser AnuUes; 1640 (at the time of 
early French vuits). 

12. China [Kwangtung provmce peasant] Nanching village, Kwangtung 
province, China, 1930 (before modem road put in) 

13. Comanche Texas and Oklahoma, U S A., 18^ (before “pacification”). 

14. Copper Eskimo Coronation Gulf, Northwest Territories, Canada, 1910 
(before extensive Western contact) 

15. Dogon [Habe, Kado] Sanga regton, Mali, 1900 (before extensive Western 
contact). 

16. Fiji. Vanua Levu, Fiji, 1820 (before extensive Western contact). 

17 Fort [Dahomey] Dahomey, 1860 (before end of slave trade and begmmng 
of extensive Western influence) 

18. GatiAa [Baganda]' Uganda; 1855 (before extensive Western contact). 

19 Gheg. Albania, 1912 (at year of mdependence from Turkey). 

20. Haoaiupm • Anzona, U S.A , 1890 (bt^ore extensive Western contact). 

21. Inca • Peru, Bolivia, and Ecuador; 1532 (shortly before Spanish conquest). 

22. hoqmu: New York, U.S.A.; 1700 (before extensive Western influence). 

23. KhaUcha Mongol: Mongolia; 1910 (before gaining mdependence). 

24. Koryak [Reindeer Koryak, Chavchuven]: Kamchatka peninsula and ad¬ 
jacent areas; 1901 (at tune of fieldwork of Jocbelson). 

25. /Kwtg Bushmen: Southwest Africa and Botswana; 1950 (shortly before 
fieldwork of the Marshall family). 



COUMUNICATIONB 831 

26. Kwakiutl [Southern Kwmkiutl]: Vancouver bland, Britiih Gohimbia, 
Canada; 1860 (before extenaive contact with the Weat). 

27. Lapp [Mountain Lapp]; KAreauando parish, Sweden; 1950 (shortly before 
fieldwork of Whitaker and Pehnon). 

28. Lepcha [Rong]: Sikkim; 1870 (before extensive Western contacts). 

29. Manibo; AgOsan valley. East Mindanao, Philippines; 1905 (at tune of 
fieldwork of Garvan). 

30. Mam; north part of North bland. New Zealand; 1800 (before extensive 
white contact). 

31. MunduruOi; Cabnia village. Pari, Brazil, 1952 (at tune of fieldwork of 
Murphy). 

32. Mumgtn [Wulamba]. east Arnhem land. Northern Territory, Australia; 
1926 (at time of fieldwork of Warner). 

33 Saskapt • north Labrador peninsula, Canada, 1880 (shortly before fiekL 
work of Turner). 

34 Navajo: Arizona and New Mexico, U.SA., 1860 (shortly before “pacifica¬ 
tion”). 

35. Niter: A AU A-Nil, Sudan; 1920 (before “pacification”). 

36 Nyahyusa [Banyakyusa, Wanyakyusa] southern highlands, Tanzania; 1890 
(shortly before missionary arrival). 

37. Omaha • Nebraska, USA., 1850 (before extensive Western contact) 

38 Porno [Eastern Porno] Qear Lake, California, USA., 1847 (shortly before 
California gold rush). 

39. 7l{/'[Aith Waryaghar Rif). Morocco, 1920 (before major cfasmges) 

40. Rwala [Rwata Bedouin]. Syria, Jordan, and north Arabia, 1905 (at begin- 
mng of fieldwork of Musit) 

41. Semang [Orang-Utan, Sakai] northwest Malaysia, 1924 (at tune of first 
fieldwork by Schebesu) 

42 Serbia • Sumadija region, Serbia, Yugoslavu, 1910 (before Serbian-Turkiah 
war) 

43 Shaoante [Akwe-Shavantc, Chavantc, Xavantc] central plateau, east Mato 
Grosso, Brazil, 1950 (before extenaive Western contact). 

44. Stone' Goroka subdutnct, eastern highfonds. New Guinea, 1944 (before 
Western conUKt). 

45. Sirwid eastern Bolivia, 1940 (at time of fieldwork by Holmberg). 

46. Aiiu [BaSuku, Pindi] Kwango dutnct, Zaire, 1915 (before extensive con¬ 
tact with West) 

47. Tanala [Menabe Tanala] Malagasy; 1890 (before extensive contact with 
the West). 

48 Thotifa [BaThonga] Mozainbiquc, 1870 (before beginning of fiekhvork of 
Junod) 

49 Ttkopia. Santa Cruz bland, Solomon Islands; 1928 (at beg inn i ng of 
Firth’s fieldwork) 

50. 7u> [Mur^j eastern central Nigeria, 1900 (before extensive Western 
contact). 

51. Trie [Eastern Toba, Toba-Pilagi, Pitilagi, Takshik, Komlik] Chaco and 
Formosa provinces, Argentina, 1860 (beforelumbermillsand mihtary campaigns). 

52. Teds ■ Niignli hills, Madras, India, 1901 (at time ofRiven’s fiddivoik). 

53 Trobnaitd: Ktnwina district, Boyowa bland, Tiobruuid Islands, 1914 (at 

time of Malinowski's fieldwork). 

54. 7>iii.' Romonum Island Truk I s la nd s, Caroline Islands, 1895 (before 
extensive Western or Japanese contact). 



Appendix B 

TABLE B1 

Samplx Soaxmi axd Comd Vauaxlh 


SoCUBTY 





Vaxiaslbs 





I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Alor 

1 

0 

0 

1 

38 

0 

0 

0 

2.0 

1 

0 

Amhara . . 

1 

0 

0 

1 

58 

1 

0 

0 

4.0 

1 

0 

Ao Naga. 

1 

0 

0 

1 

33 

1 

0 

0 

2.2 

1 

0 

Awcik6ma , 

0 

0 

0 

1 

6 

0 

0 

1 

1.4 

0 

0 

Azande 

0 

0 

0 

1 

41 

0 

0 

0 

20 

0 

0 

Aztec 

2 

0 

0 

1 

56 

1 

0 

0 

45 

1 

1 

Banen 

0 

0 

1 

1 

25.5 

1 

1 

0 

25 

0 

0 

Batak 

2 

0 

0 

1 

34 

1 

0 

0 

3.2 

1 

0 

Bhil 

0 

0 

0 

1 

47 

1 

1 

0 

25 

1 

0 

Bnbn 

0 

0 

0 

2 

24 

1 

0 

0 

1.5 

1 

0 

CaUtnago 

0 

0 

0 

1 

27 

0 

0 

1 

1 8 

0 

0 

Quna 

2 

0 

0 

1 

60 

1 

0 

0 

33 

1 

0 

Comanche 

2 

0 

0 

1 

16 

1 

0 

1 

2.3 

0 

1 

Copper EaIoido 

1 

1 

0 

1 

9 

0 

0 

1 

1.4 

0 

1 

Do^n 

1 

0 

0 

1 

48 

1 

0 

0 

2.7 

1 

0 

Fiji 

0 

0 

0 

1 

43 

0 

0 

0 

23 

1 

0 

Fon 

1 

0 

0 

2 

51 

1 

1 

0 

48 

1 

0 

Ganda 

0 

0 

0 

1 

49 

1 

0 

0 

33 

1 

0 

Gheg 

1 

0 

0 

2 

50 

1 

0 

0 

2.0 

1 

0 

Havatupai 

2 

0 

0 

1 

14 0 

0 

0 

0 

1.3 

0 

1 

Inca 

1 

0 

0 

] 

52 

0 

0 

0 

47 

0 

0 

Iroquois 

2 

0 

0 

1 

23 

0 

0 

0 

1 8 

1 

1 

Khalka Mongol 

I 

I 

I 

1 

39 

1 

1 

0 

33 

0 

0 

Koryak 

0 

1 

I 

1 

12 

0 

1 

0 

22 

0 

0 

'Kung Bushmen 

0 

0 

0 

1 

40 

0 

0 

0 

1 2 

0 

0 

Kwakiutl 

2 

0 

0 

1 

29 

1 

0 

1 

25 

1 

1 

Lapp 

0 

I 

1 

1 

20 5 

1 

1 

0 

I 8 

0 

0 

Lepcha 

0 

0 

0 

1 

40 

0 

0 

0 

23 

I 

0 

Mandbo 

0 

0 

0 

1 

22 

0 

0 

0 

1 8 

0 

0 

Maon 

0 

0 

0 

1 

42 

0 

0 

0 

32 

0 

0 

Mundunicd 

0 

0 

0 

1 

11 

0 

1 

0 

1.3 

1 

0 

Mumgin 

0 

0 

0 

1 

40 

0 

0 

0 

1 2 

1 

0 

Naikapi 

1 

1 

0 

1 

7 

0 

1 

1 

1 1 

0 

1 

Nav^o . . 

2 

1 

0 

2 

23 

0 

1 

0 

20 

1 

1 

Nuer 

0 

0 

0 

1 

19 

0 

0 

0 

1 9 

1 

0 

Nyakyusa 

0 

0 

0 

1 

31 

0 

0 

0 

24 

0 

0 

Omaha 

2 

0 

0 

I 

17 

0 

1 

0 

23 

1 

1 

Pomo 

2 

0 

0 

1 

18 

1 

0 

0 

1.7 

0 

1 

Rif 

0 

0 

0 

1 

55 

1 

1 

0 

25 

1 

0 

Rwala 

0 

1 

t 

1 

37 

1 

1 

0 

2.4 

1 

0 

Semang 

0 

0 

0 

1 

2 

0 

0 

0 

1 2 

0 

0 

Serbia 

1 

0 

0 

1 

57 

1 

1 

0 

28 

1 

0 

Sbavantc 

0 

0 

0 

1 

8 

0 

0 

0 

1 0 

1 

0 

Siane 

0 

0 

0 

1 

10 

1 

0 

0 

1 5 

1 

0 

Sinond 

0 

0 

0 

1 

1 

0 

0 

1 

1.3 

0 

0 

Suku 

I 

0 

0 

I 

44 

I 

0 

0 

20 

1 

0 

Tanala 

1 

0 

0 

2 

43 

1 

0 

0 

2.3 

1 

0 

Thonga 

0 

0 

0 

2 

35 

0 

0 

0 

24 

1 

0 

Tiko^ 

0 

0 

0 

I 

30 

0 

0 

0 

2.5 

1 

0 

Tnr . 

I 

0 

0 

2 

46 

1 

0 

0 

23 

1 

0 

Toba 

1 

0 

0 

1 

14.0 

0 

0 

1 

22 

0 

0 

Toda. 

0 

0 

0 

1 

20.5 

0 

0 

0 

22 

1 

0 

Trobriand . 

0 

0 

0 

1 

25,5 

0 

0 

0 

23 

1 

0 

Truk . . .. 

1 

0 

0 

2 

32 

1 

0 

0 

2.0 

1 

0 

Tuareg . 

0 

I 

1 

I 

36 

0 

0 

0 

3.0 

1 

0 

Tnriiey . 

1 

0 

0 

1 

59 

) 

1 

0 

2.8 

0 

0 

Warao. 

0 

0 

0 

2 

14.0 

0 

0 

0 

2.0 

1 

0 

WcOof . 

1 

0 

0 

1 

53 

1 

1 

0 

2.5 

1 

0 

Yahgan. 

0 

1 

0 

1 

4.0 

0 

0 

0 

iJ3 

0 

0 

Yaqui. 

1 

0 

0 

1 

54 

1 

1 

0 

IB 

0 

1 
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35. Tlurtv [Ahaggar Tuareg]: Ahaggar area, Algeria; 1898 (befoie French 
military occupation). 

56. Twiuy [Tuit].‘ Sakaltutan and Etbaai vtllagei, central Anatolia; 1950 (at 
beginning Sdrling't fiekKrark). 

57. Warm [Warrau, Guaraunoa]: Orinoco delta, Venezuela; 1920 (befirre 
introduction of Western agricultural techniques). 

56. Woirf [Ouolof ]; Senegal and Gambia; 1875 (bdore conquest by Frcndi). 

59. Yahgan [Yamana]: Tierra del Fuego, Chile; 1850 (beiore missionanes). 

60. Yaqui: Sonora, Mexico, and Arizona, U.SA.; 1930. 


Deaesdption of Data Seriea 

1. Presence of gambling: 0 «■ none reported; 1 = some reported but atber 
not important or importance unascertainable; 2 = gambling reported and an 
important redutnbutive mode 

2. Hardness of the environment 1 hard envumunent (eg., arctic, semi- 
arctic, or desert); 0 o not hard environment. 

3. Nomadic herding ‘ 1 = animal husbandry accounts for more than 50 percent 
of food supply, and society 11 either nomadic or semtnomadic, 0 = one or both of 
these conditions are not filled. (Further details on the coding of this variable may 
be found in Pryor, forthcoming) 

4. Unit of observation ‘ 1 ^ nuclear farmly (monogamous, polygynous, poly- 
androus) or small extended family, 2 b extended family (Further details on 
this variable may be found in Pryor, forthcoming) 

5 Rank order of level of economic development I s: rank of lowest level; 
60 B rank of highest level. The decimal pioints indicate uc-scorcs. (Ranking 
follows an approach used by Cameiro 1973, further details may be found in 
Pryor, forthcoming). 

6 Presence of a domestic money used for commercial purpose* 1 =« yes; 0 
no. (Excluded from considerauon vrere noncommercial moneys smd moneys used 
exclusively m external trade) 

7. Contact with the West 0 = no contact, occasional contact, or light mis¬ 
sionary activity, 1 = considerable contact, heavy missionaTy woik, or consider¬ 
able contact vnth Western government oflBcials, colonists, visitors, or traders. 

8. Hunting and/or fishing accounting for 50 percent or more of total food sup¬ 
ply 1 = yes, 0 = no. 

9 Soaoecononuc inequality, computed as an average of six five-pomt scales 
mdicating mequality of total income, inequality of consumptiim, inequahty of 
ownership of pro p erty, ineqiudity of menial work earned out, mequality of total 
work carried out, and inequality in the holding of technological knowledge: 
1 = least mequality; 5 = greatest inequahty. (These scales were subjectively 
coded) 

10 Important presence of extensive lineages, defined in terms of group coo- 
nomic activities (lineages include patniineal, matnlineal, duolineal, and ambi- 
Imcal groups); 1 » yes, 0 s no. 

11. Presence m North America (excluding CentrsJ American and Caribbean 
ulands)* I « yes.O ^ no. 
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Fertility Interactions and Modernization 
Turning Points 

Paul R Gregory 
Ununrstly of HousUm 
J M Campbell, Jr 

(Jntvtrstty of Chuago and Economu AmUysts, Inc 


I. Introduction 

In this paper we estimate an interaction model of fertility and economic 
development which directly incorporates into the fertihty decision the 
taste changes and variations in fertility control associated with modern¬ 
ization In this manner, the impact of changes in attitudinal and control 
factors on underlying economic relationships can be studied and the 
pattern of clasucity response elicited, including a specific test of the 
vanation of the child-quantity income elasticity as the country develops 
economically The ordinary least-squares (OLS) interaction results are 
then checked against a two-stage least-squares ^2SLS) model m which 
the impact of fertility upon pier capita income is cndogcmzcd, and we 
show that the basic OLS results are not senously affected by simultaneous- 
equation bias 

Our interaction approach seeks to modify the existing empincal 
literature* by incoiporaUng directly the impiact of ‘'modernization” on 
the pattern of income and substituuon fertility elasuciues and thereby 
creating a dynamic model of fertility and economic development. The 
piolicy impbcations of our switch from stauc to dynamic modeling are 
that fertihty respionscs to a given change in a particular explanatory 
variable will vary with the level of modemizaUon, and that population 
piohcy must, therefore, be geared to the country’s stages of modemizaUon. 
We hopic that our results shed light on the debates concerning the linkage 
between economic development and fcruiity at different stages of 

The suthon would like to thank the late Stephen Enke and also Mike Kedey for thur 
comments on an cariier draft We ate grateftil to Sam Pdtzman and an anonymous 
reretee of this JmnuU for their bdpful suggesuons The usual caveat applies 

‘ A review of the literature in the context of the contiovcny over ecoDoouedevdopment 
and fertility a found in our forthcoming paprr (see Gregory and Campbell 1976) 

Urmny, 1976, vol 84. no 4. pi I] 

C 1976 by The Uaivemry of Quesco All nfhti reserved. 
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economic maturity^ and on the relative importance of income, price, 
attitudmal, and demographic variables in explaining secular futility 
decline.^ Our major finding is that income and substitution elasticities 
do change in a rather dramatic fashion dunng the course of economic 
development, and that many of the competing propositions in the 
economic theory of fertihty can be reconciled in terms of these elasticity 
patterns 

Our fertility interacdon models are fitted to a combined time-series 
cross section of 18 Latin American countnes (1950 and 1960) The 
sample is limited to Latin America m order to achieve the homogeneity 
essendal to fertility analysis,^ and a multiperiod sample is used to better 
capture secular trends in the fertility-economic development relaUonship ’ 
A list of variables and data sources arc provided m the Appendix All 
data arc drawn from readily available United Nation’s publications and 
follow UN definitions We do not pretend that our data measure perfectly 
the price, income, and modermzation variables called for by the theory 
discussed below Rather, ad hoc {uoxies which are commonly used as 
approximations of theoretical vanables arc included, and our results must 
be mterpretcd with this important reservation in mind Furthermore, it 
would have been desirable to deal with cross secUons covering a longer 
time span in view of the dynamic implications of our model, but data 
limitations prohibited this approach 


n. An OLS Interaction Model of Fertility 

We begin witn a static model which assumes that the demand for births, 
as measured by the crude birthrate (CBR), is “explained” by income 
and substitution effects, holding the level of “modernization” constant 
Thus our cctens panbus demand-for-births model is 

CBR = /(PY, FRP, IM, IL, UP), (1) 

where 

PY = per capita income (1960 U S dollars), 

FPR = female labor participation rate, 

IM = rate of infant mortality, 

IL = illiteracy rate, 

UP = percentage of urban population. 

s For diiTenng viewpoints, see Nelson (1956), Enke (1971), Hansen (1972), Venieru, 
Sebold, and Harper (1973), and Kelley (1974) 

* For diflerent opinions on this issue, consult Becker (I960), Coale (1967), Leibenstein 
(1973, 1974), and Gnliches (1974) 

* Simon (1974) shows that the various fertihty clasbciues become more clearly defined 
as the sample becomes more homogeneous 

’ Gregory and Gnffin (1974), for examine, demonstrate that secular trends ate better 
ebated by multiperiod samples than by a su^ cross secuon 
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The rationale for including these various income and cost proxies has 
been d i scu s s e d elsewhere, but a brief discusuon seems warranted. We 
emphasize that we are applying at this point narrow economic mterprcta- 
tions (through income and substitution effects) to the variables m (1) to 
simplify the exposition. Noneconomic effects arising during the process 
of modernization are assumed to be captured by the modernization 
interaction functions discussed below, although we recognize that changes 
in economic and quasi-economic variables may also yield similar 
interaction effects (Bexker and Lewis 1973, pp 278-85) 

We use the crude birthrate (CBR) to measure fcrtihty instead of a 
measure of completed fertility, because this measure may be more 
accurate for low-income countries where changes in the timmg of births 
seem to be of much less consequence m accounting for changes in birth¬ 
rates over time as the reiationship between the stock and the flow tends 
to-be fairly stable (Simon 1974, pp. 15-21) Earlier expenments with the 
general fertility rate (GFR) as an alternate dependent vanabie were 
dropped due to suspect agc-distnbution data We recognize that the 
CBR measure is by no means an ideal dependent vanabie, but the 
correlation between CBR and other fertility measures (the GFR, the 
child-woman rauo, etc ) tends to be quite high,* and CBR should serve 
as an adequate fertility proxy 

As far as the cost and income vanablcs arc concerned, per capita 
income (PY) is included because one would expect fertility decisions to 
change with income, holding tastes, fertility control, and fertility costs 
constant This income effect could range from posiuve to possibly 
insignificant, depending on the ease with which child quality may be 
substituted for the quanuty of children, and may vary with income 
(Willis 1973, pp 34—41) The use of PY introduces the prospect of 
simultaneous-equation bias due to its negative coirclauon with fertility, 
but we show below that the impact of such bias is small. Infant mortality 
(IM) will be jKJSiUvely related to births as a proxy for the replacement 
demand for children where a highly inelasuc demand for surviving 
offspnng exists On the other hand, IM may be negatively related to 
births through the substitution effect, insofar as mcreases m child mortality 
may increase the cost of rearing a child to maturity The net effect of IM 
will therefore depend on which effect tends to dominate 

The percent of urban population (UP) is antiapated to vary mverscly 
with fertility, insofar as one would expect the costs of fertility (both the 
direct commodity costs and indirect opponumty costs of childbearing 
and raising) to be positively related to the level of urbanization Thus UP 
IS postulated to act as a proxy for the pnee (cost) of children. Another 

* Thu is the finding of Bogue and Palmore (1964) from sn invesugaiioa of a larger 
intercountry sample. 
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cost vanable is the female labor participation rate (FPR) The reasoning 
behind its inclusion in the static model is the expected trade-off between 
fertility and female labor force participation, because mothers must 
withdraw from the labor force to bear and rear (at least to nursery school 
age) their children (see Gregory, Campbell, and Cheng 1972; Kim et al. 
1972) This withdrawal from the labor force will tend to generate costs 
m addition to the immediate loss of earned income in the form of lost 
experience and senionty (depreciation of human capital), which will 
lessen the wife’s lifetime earning capacity (Willis 1973, pp. 22-25) 

Some further discussion of the FPR vanable may be in order, for 
monetary measures of time value, an observed wage rate is usually used 
to measure fertihty opportumty costs. Arguments for wage rates and 
against FPR generally rely on Mincer’s theonzing that FPR is the 
inverse of the birthrate in static demand analysis and .Willis’s less accepted 
arguments for lineanty between time value and observed wage rates 
(Mincer 1963; Willis 1973, pp 30-37) However, the wage-rate time- 
value approach also involves some recogmzed dchciencies For non¬ 
working women, Gronau has shown that wage rates underestimate Ume 
value, while the time value of part-time female labor participants has 
also been shown to be incorrectly measured by wage rates in Willis’s work 
(Gronau 1973, pp. 175-76, Willis 1973, pp 30-37). Obviously, the 
researcher is left with two imperfect opportunity cost measures 

Given this dilemma, we have opted for the FPR measure in a study 
which concentrates on modenuzing countnes, because wage-rate data 
restneted to industrial workers arc believed to be a poorer proxy for 
opportunity costs of a mother’s time than in developed-country studies 
(Schultz 1969, pp 154—56) and because the wage rate’s effect on fcrulity 
may be captured by the extension of equation (2) to account for the 
simultaneous relationship between fertihty and income and by the 
inclusion of education Obviously, both measures are imperfect proxies 
For the benefit of those who arc skeptical of proxies, it should be noted 
that econometric theory has developed some preliminary evidence which 
shows that the loss of statistical precision resulting from sficcificaUon error, 
such as leavmg out opportunity costs, exceeds that from inadequate 
proxies except when the proxy measurement error is very large (Wickens 

1972) 

Finally, the ilhteracy rate (IL) is included as a general proxy for 
education of parents In the stauc model, education may directly affect 
fertility demand as a proxy for parents’ wages insofar su male and female 
wages are positively related to the level of education. It should be noted 
that a net wage effect is being captured here, as the wife’s wage will 
probably be negatively related to fertihty (a price of time substitution 
effect), whereas the husband’s we^ rate would be positively related to 
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fertility through the income effect. Third, education will tend to affect 
the wife’i productivity in home activities and thus represent the shadow 
price of the wife’s time in the home (Gronau 1973, pp. 178-80). 

Again we stress the relatively crude nature of our empincal model, 
and that it does not necessarily capture pure mcome and substitution 
effects. The income variable may pick up some pnce-of-time substitution 
effects, the IM variable may capture stock adjustment and substitu¬ 
tion effects, the IL variable may pick up a whole senes of effects, and 
so on 

We amend the basic demand model (1) by introducing m the model an 
interaction function, g, which incorporates the shifts in tastes, attitudes, 
and contraceptive efficiency which accompany the process of moderniza¬ 
tion We assume that “modernization” can be measured via its relation¬ 
ship to urbamzation (UP) and education (IL), where IL will capture 
both taste changes and contraceptive efficiency We recognize that 
modernization cannot be fully captured by UP and IL alone, but this 
approach seems to represent a reasonable approximation given the 
crude nature of the other variables and the regional homogeneity of our 
sample The interaction function g is estimated in two variants g,i(UP) 
and ^*(UP, IL), where the complete model is 

GBR = /(PY, FPR, IM, IL, UP) • «„(UP), (2a) 

or 

GBR = /(PY, FPR, IM, IL, UP) #,(UP, IL) (2b) 

For purposes of empincal estimation, both g and /are assumed Imear’ 
to yield the interaction models reported in table I The most critical 
feature of the interaction model is that it allows the vanous income and 
cost effects of the demand model to vary with modernization as the 
demand factors interact with general moderntzation factors 

Why would one expect significant interactions of this type’ With 
modernization, significant changes in the nature of income and cost 
relationships may occur For example, as urbanization proceeds, the 
“producer good” nature of children diminishes, thus changing the basic 
fertility cost calculus Moreover, the opportututy cost of children in 
terms of forgone female earnings should nse as formal ties to the industrial 
labor force must be broken (and human capital dcprecutcd) to bear and 
rear children, whereas such ties are more hkcly to be mamtained m a 
rural setting Improved fertihty control in the course of modernization 
will cause reductions in excess fertility—a phenomenon captured by an 

^ A similar interactioa hu been appbed to U S ume^enes data by Wachter (1974) 
We abo expemnented with aonltnear f fuacOont. The uuroduenon of ludi oanUnearitKi 
faded to improve the results described in ihu paper 
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interaction model (Wachter 1974, pp. 5-10). FinaUy, the pure income 
effect may vary with income (Becker and Lewis 1973, pp. 280-83), and, 
insoEar as our per capiu income measure also captures substitution effects 
(as a proxy for wages and the price of time), the measured i nco me effect 
may vary as the relative weights of income and substitution effects change 
during modernization. 

Equation (2) is estimated using OLS, and the lesulu are recorded in 
table 1 Model (2a), based on the interaction function g^(UP), provided 
the “best" results in terms of coefficient sigmficancc, fit, and standard 
error. Model (2b), employmg the more complex interaction function 
ga(UP, IL), yields similar results For reference purposes, the non¬ 
interaction static demand model results are also recorded in table 1. 
Space constraints prevent our dwelling on these results, for our principal 
concern u the variability of elasticities during modernization It is 
perhaps sufficient to note that our OLS results provide support for the 
interaction model in terms of significance of interaction coefficients, 
especially in equation (2a) Deserving of special attention are the strong 
interactions of PY and FPR with UP Comparison of the two interaction 
models (2a and 2b) with the nonmtcracuon results (1) indicates significant 
reductions in unexplained variance and improvements in standard errors 
as a consequence of mtroducmg the mteraction terms the adjusted 
coefficient of multiple determination is improved by almost 50 percent, 
and the standard error of the cstiraate declines by almost 20 percent 


nL Modernization Tumisig Points: An Investigation of 
Elasticity Variability 

In this section, we concentrate on the variability of income and sub¬ 
stitution elasticiUes in response to changes in modernization. As noted 
previously, “modernization” is incorporated in the model m the form 
of the interaction functions, g,<(UP) and g*(UP, IL) First, we calculate 
the elastiaties of CBR with respect to the explanatory variables in the 
model (PY, FPR, IM, IL, and UP), evaluated at the sample means 
Second, we calculate “modernization turning pomts” (MTPs) from the 
parual denvatives of CBR with respect to PY, FPR, IM, IL, and UP. 
This is done by determiiung the values of UP (our pnncipal modern¬ 
ization proxy) at which the vanous clasucities change sign, if at all. In 
this manner the MTPs provide crude summary measures of the pattern 
of elasticity change in the course of modernization and some rather stark 
detail on how societies in different stages of modernization respond 
differently to price and income changes The mean elasticities and MTPs 
are recorded in table 2. The figures in piarcntheses arc derived Grom 
gg(UP, IL), and the nonparenthesized figures are derived from the 
“better" g, 4 (UP) interaction results (table 1) The gj, elasticities and 
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MTPi are streued in the discuuion below.* The mean CBR flaatinrii^ 
are to be interpreted as the percent change in CBR broi^ht about by a 
1 -percent change in the independent variable evaluated at the sample 
means. The interaction impact of modernization on the various income 
and substitution effects is directly incorporated into these elasticities 
(as evaluated at UP) insofar as the elasucities are functions of UP. 
Thus, the mean CBR clasticides relate the response of CBR to changes 
in the various explanatory variables at an average level of “modem- 
izadon.’’ 

The mean CBR elasdcities provide no surprises. The PY income 
elasticity is a positive 0 30; the UP, FPR, and IL substitution elasdcities 
have the expected signs (—0.22, —0.23, and 0 15, respectively), and the 
IM elasticity is positive (0 16), indicating a domination of the replacement 
demand effect over the substitudon effect. Looking at the MTPs m 
table 2, we find considerable variability in elasticities. The PY elasdeity 
changes from positive to negative at a relatively high UP value (UP = 69 
and above)—a finding which seems to mdicate a lessening of the income 
effect on child quantity as high levels of modernization are achieved, 
possibly due to quality subsdtutions (Wachter 1974, pp 2-6) or to shifts 
in tastes toward high-status consumption commodities (Leibcnstem 1973, 
pp 5-9) Most important, this finding illustrates why previous fertihty 
studies have found both positive and negative income effects on fertility, 
as It suggests that the positive income effect on fertility at low levels of 
economic development gradually becomes negative m the course of 
modernization 

The FPR elasticity changes from posiUvc to n^aUve at relatively low 
levels of modernization (UP = 28 and above) This elastiaty shift is 
explained by the fact that as urbaiuzaUon proceeds, the movement of 
employed women from the agricultural sector raises opportumty costs 
because mothers must withdraw from the industrial labor force to bear 
and rear children The IM elasucity changes sign only at quite high 

' Companion of the and g, MTP icts (table 2) indicates relatively close accord vnth 
the exception of the IM (80 vs 47) MTP Wc also expenmented with a third mteractson 
function fc(IL), where the turning points are defined by IL Thu third approach was 
rejected b^use of generally poor regression resulu (only one significant primary co- 
efficient and one significant interactioa term, marginally lower standard errors, etc.) 
We should note that the gc turning points are generally consuieni with the table 2 M TPs 
The FPR and IM lunung points occur at low (IL <= 72) and below average (IL » 37) 
modernization, and the UP elastioty remaim negauve over the entire modcmiaatioo 
range The PY and IL lunung pomts, hovrever, are unlike ihcir table 2 counictparis, 
suggesting posiuve elasticities over the roodrmizauon range We should note, benvever, 
that the PY and IL mming poinu are based on quite insignificant primary and interactioD 
coefficients We have not included PY in the interaction fiincuon becauae “modeniixa- 
tion" u supposed to capture only taste changes and feruliiy control effects, which would 
be only indirectly linked to PY, while directly linked to UP and IL. Anyway, the addmoo 
of PY to the gt interaction term would have only a minor impact on the M lTS, as UP 
and IL accoimt for most of the vanauoo m PY 
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levels of urbanization (UP — 60 and above). Hus finding seenu to 
indicate that ceteris paribus the replacement effect of infiuit mortality 
tends to dominate its cost impact over the course of modernization, 
indicating that children are prunarily producer goods in less developed 
soaeties. The IL elasticity is positive up to UP » 60, after which it 
becomes negative. A possible (but imlikely, in view of the weak income 
effect at high income levels) explanation for this finding is that at higher 
levels of modermzation, reductions in IL will capture primarily income 
effects; at lower levels of modernization, primarily substitution effects 
are captured. A more likely explanation is the variability of fertility 
control during modernization and the fact that moderruzation and 
contracepuve technology would be expected to be positively related 
(Wachter 1974, pp. 9-14). Finally, we note that the UP elasticity is 
negative throughout almost all stages of modemu^tion, indicating its 
consistent negative impact on CBR through substitution effects and 
taste shifts.’ 

IV. An Investigation of Elsuticity Rsmg^es and Application to 
Latin America 

The foregomg discussion attempts to pinpoint critical fertility elasticity 
tunung points during the process of modermzation However, further 
calculations are required to determme over what UP ranges the respective 
elasticities are “small” and thus exert relauvely unimportant impacts on 
fertility In table 2 we calculate (usmg the ^^[UP] interacUon function) 
the respective UP values which yield elasticities of between +0 10 and 
— 0 10 for the rcspiecUve independent variables, In this manner, we 
provide crude calcuiaUons of modernization ranges over which the 
elastiaty is small (adopting an arbitrary standard of <|0.10| for the 
various elasticities) and likely to appear as insignificant in regression 
models based on samples representmg different states of modernization. 

For example, the mcome (PY) elasUcity is <|0.I0| for urbanization 
ratios of between 60 and 76 piercent, which suggests, when combined with 
the mean elasUcity of 0 30, that significant positive income effects will 
be obtained only at low rates of urbanizabon The FPR elasticity, on 
the other hand, is <|0 10| for UP values between 21 and 35 percent, 
suggesting significant FPR effects at relatively high UP proportions— 
over 50 percent, for example. The IM elastiaty is <|0.i0| for ail urban 
proportions over 58 percent; therefore, the IM impact seems to be 
relevant only at relatively low UP values Finally, the UP elasticity is 

* To test the extent of ttmultaneous^uatioii bias, we endogenized PY as a (unctioci 
of estimated CSR, per capita capital, labor, and labor quality inputs. Our two.stage 
leasMquares cMunations indicated that the only important change is the increase in tk 
Py tunung point—a direct consequence of the endogenixation of PY. 
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TABLE S 

ArpROXDM.TB Oahno or MootwazATioN Tumoho Fonm (Itirm) 
» Latin Ambmoa 



Independent Variable 


Appraximate Dadag oTMTP 

FV .. 



1990 

FPR 



Mid-1930* 

IM . 



2000 

IL. . . 


- 

Late 1970k 

VP 



1900 


<|0 10| for almost all observable UP ranges (that is, UP values of 
24 percent and above), which indicates the consistency of urbanization’s 
negative impact on GBR 

As a final exercise, we apply (he MTPs and the elasticity ranges 
(table 2) to the Latin American mean UP values in order to pinpoint 
Latin America’s present and projected future location m this elasticity 
pattern. Of particular interest arc the approximate dates when Latin 
America passed through or u projected to pass through the various 
modernization turmng points These dates are arrived at m a very 
approximate manner by applying average Latin Amcncan urbanization 
rates at vanous points in tune to the MTPs m table 2 and arc given in 
table 3 We stress that our results should be regarded as only illustrative 
of rough orders of magnitude because of the crude undcriying urban¬ 
ization information On this basis, we calculate the UP and FPR turning 
points were probably attained m the 1900s and 1930s, respecuvcly On 
the other hand, the IL and PY tunung points have yet to be attained and 
should be reached in the 1970$ and 1990s, respecuvcly Finally, the IM 
turning point is calculated as occurring around the turn of the century. 
We again emphasize that the turmng jxiint represents a point in tune 
when the impact of the vanablc on fertility is neghgiblc, and, according 
to table 2, a considerable umc period may be rcqmred before a significant 
fertility impact will be experienced 

V. Concluaiona and Summary 

A nonlinear interaction model of fertihty is piostulatcd to allow income 
and cost coefficients to vary explicitly with “modernization ’’ The model 
is fitted using OLS to a combined amc-sencs/cross-secoon sample of 
Laun American countries (1950 and 1960), and it is shown that fertility 
income and substituUon effects do vary considerably during the course 
of modernization. In fact, the majonty of income and substitution 
elasticities change signs during modernization, and these results sue 
shown to hold in a simultaneous-equation setting m which the reverse 
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effect of fertibty on income is endogemzed. The variation in elasticities 
supports our position that the competmg views regarding the relationship 
between feruhty and modernization can be partially reconciled through 
the recognition of this variability during the course of modernization 
The basic policy conclusion emerging from this study is that caution must 
be exercised m applying the fertility experiences of one set of countries 
to another set of countries at a different level of economic development. 

As far as the prospects for sigmficant fertility reduction during the 
early stages of modernization are concerned, our finding^ are mixed. 
At low modernization levels, the income effect is indeed positive, while 
many of the retarding substituUon effects (such as the FPR effect) do 
not begin to operate in the expected manner until relatively higher levels 
of modernization arc attained On the other hand, other factors such as 
infant mortality and education tend to have their greatest impact at low 
modernization levels, but their impact is quantitatively smaller than the 
income effect at low urban proportions 


Appendix 

List of Variables and Sources of Data 

1 Crude burth rate (CBR) is the number of registered births per 1,000 pop¬ 
ulation Source of data Demographu Yearbook, various years, Umted Nations 
The CM = 38 3, CBR range is 18 6-51.6 

2 Per capita product (PY) is in I960 constant U S dollars Source of data 
Yearbook of National Accounts, 1969, United Nations The PV = $302 5 

3 Infant mortality (IM) is the number of deaths of infants under 1 year of 
age per 1,000 live births Source of data Demographu: Yearbook, vanoiis years, 
United Nations The IM = 89 2, IM range is 49 1-170 0 

4 Percentage of urban population (UP) is the number of urban residents 
divided by total population Source of data Demographic Yearbook, various years. 
United Nations. The UP = 43 3, UP range is 23 B-82 I 

5 Female labor participation rate (FPR) is the percentage of the female 
population considered active in the labor force Source of data Demographic Year¬ 
book, various years. United Nations The FPR = 15 2, FPR range is 6 1-42 2 

6 Illiteracy rate (IL) is the number of people over 15 years of age who arc 
illiterate divided by the total number of people ages 15 and above Source of 
data Demographu Yearbook, various years. United Nations The IL » 39.9, 
IL range is 8 ^73 0 
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Testing the Monetary Approach to 
Devaluation in Developing Countries 

Michael Connolly and Dean Taylor 
Uiuvtrritx rfFtenJa, GattusnlU 


The monetary approaich to the balance of payments suggests that sur¬ 
pluses and dehciU are essentially adjustment phenomena which serve to 
equilibrate the money stock in exutence to the quantity demanded m an 
open economy. An mcrease in the domestic money supply via increased 
ddmesbe credit creation, by cither central or private banks, leads to 
larger deficits which, m turn, deplete the excess supply of money A 
devaluation, however, raises domestic prices and as a result mcreases the 
demand for money, thereby leading to a temporary improvement m the 
balance of payments ‘ 

The purpose of this paper is to test the monetary approach to de- 
valuabon from a sample of 18 independent devaluations that took place 
m developing countries during the 1959-70 period and, at the same time, 
to indicate the conditions under which devaluation u successfid in 
improving the balance of payments In the process, the paper sheds light 
on two important related issues first, the degree to which devaluation is 
inflationary per se, and second, the extent to which devaluauon changes 
the pnee of traded goods relative to nontraded ones 

Part I sets out a simple monetary model appropriate for empirical 
testing of the monetary approach. Part II summarizes the results of the 
empincal tests, and Part III focuses upon the impact of devaluation upon 
the terms of trade and domestic prices The concluding section discusses 
Richard Cooper’s (1971) test of the monetary approach and attempts to 
assess the weaknesses and strengths of the monetary Ihimewoik. 

1. A Simple Monetary Model 

The central proposiuon of the monetary approach is that a devaluatum 
wtU in^rotw t/ie btdemet of petymmis mUss occompanud by m approxtmatdy 
tquipnporHoiutli exponnen m domtshc credfl This proposition may be sketched 

We are greaily indebted to Harry G Jtriuaon fiir encoiira«cnKnt and •unotiaon at 
vanout itaget of our work and to Robert A Miindell and an anonyinoui referee for 
remarks leading to improvement in the final venioo of this paper 

' For a fill! expadtioo of the monetary approach, see Johnson (1972) 

Hiniwy, I97S. »<»l a«. »>. 4. (a I] 
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more formally. First, assume a stable demand for money function which 
defiends upon domestic prices, and the level of permiment income, 

L s the demand for money, (1) 

where k, a constant, is the fraction of yearly income that individuals 
desire to hold in the form of cash balances 

Our second assumption is that domestic prices are kept in line with 
foreign pnces via the exchange rate, so that we may write 

p = Tp*, purchasing power parity, (2) 

where r is the exchange rate, and p* the level of world pnces 
The third relationship we need to specify is the money supply process 
If we consolidate central and pnvatc banks into a single banking system, 
the total habihties of the consolidated banking system would equal, by 
definition, the stock of money, M, plus its nonmonetary liabilities, W 
The assets of the banking system, on the other hand, can be broken down 
into two kinds, foreign and domesuc, or R A By deducting non¬ 
monetary liabihties from domesUc assets, and dchmng the difference as 
domestic credit, or D = A ~ IV, the followmg identity holds ^ 

M = R D, money supply process, (3) 

where M is money narrowly defined, or currency plus demand deposits, 
R IS net holdings of foreign reserves by both central and private banks, 
and D is domestic credit, or net holdings of domestic assets by the con¬ 
solidated bankmg sector Domestic credit can be expanded by the 
acquisition of addiUonal holdings of domestic assets, cither on the part 
of the central bank or by additional lending by pnvatc banks 

We assume that the economy adjusts sufficiently rapidly via payments 
unbalances so that for our purposes money supply equals money demand, 
or, 

L = M, monetary equilibnum (4) 

Finally, for notational purposes, denote the value of permanent income 
measured at world pnces as 

Y = p*y, fjcrmanent income valued at world pnces (5) 

Substituting (2) and (4) into (1), the resulting expression into (3), 
making use of (5), and noting that the change in reserves is, by definition, 
the balance of payments, or B = AR, we have, after dividing by M 
(or krp*y) BjM = (1 + g)Arlr + g — AD/M, where g is the rate of 
growth of permanent income valued at world pnces 
Assume that devaluation causes no change in the rate of growth of 
permanent mcomc measured at world pnces, or g, tb g^_^ g, where 

* Thu derivation follows Mundell’t (1971, pp 90-91) 
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the value of a variable in the period after devaluation is by a 

subacript t and its value in the period before by t - 1. With constant 
growth in permanent income^ we may write the improvement in the 
balance of payments as a proportion of the money stock as 



(1 +g)f— 

\r, f,_, 7 




( 6 ) 


With either a ngtdly pegged exchange rate or a corUtnuously deprectatmg 
one, the exchange rate term vanishes and equation (6) states that 
acceleration in the rate of growth of domestic credit causes the balance 
of payments to worsen in the same proportion 

However, if the change in the exchange rate is not preceded by a prior 
one, equation (6) assumes the following simple form where the subsmpts 
have been omitted 



( 1 + 1 )^' 

r 



( 7 ) 


In terms of regression analysis, the coefficient for the step up in the 
rate of domestic credit creation should be — 1, while the coefficient for 
the rate of devaluation should be slightly greater than 1 with an upiward 
trend in world prices and/or secular growth in permanent income If we 
assume that full adjustment in paces and the money stock takes place in 
1 year, equation (7) will apply for changes over l-year periods, while if 
adjustment is slower the same equation can be applied to longer periods 
In the empirical tests to follow, we esumate equation (7) for 1- and 2-year 
penods, respectively 


n. Testing the Monetsury Model 

This section reports tests of the simple monetary model for a sample of 
18 independent devaluations which took place dunng the 1959-70 period 
Insofar as possible, we simply adopted Richard Cooper’s sample set.* 

’ Theoreocally, pernuaml income might me to a higher level as a result of greater 
economic efficiency being brought about by the relaxauon of controb following de¬ 
valuation However, our tests using real income data for the IB countries 5 years before 
and alter devaluauon failed to delect such a rue. Nor could we find any systematic 
relationship between changes in growth rales of mmmd real income, the rale of de¬ 
valuation, and the increase in the rate of growth of domestic credit for l-aod 2-year periods 
On the average, real income appears to grow at roughly the tame rate fiilkivriiig de- 
valuaUon, independently of the rate of devsduation and the change tn the rate of growdi 
of domestic credit 

* Six countnes could not be included unce they do not repot foreign asreu, fcragn 
liabiliUes, and/or money supply figures on a quart^y basis All of these tut deva lu ations 
took place in the 19S0s for wfai^ the data are sparse The countnes were Greece, Meaxo, 
Morocco, Pakistan, Peru, Spain, and Turkey Others, such as Bianl and Canada, were 
not included since changes in the exchange rate were too conunuous in nature. The 
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Along with Ck>oper, we ruled out the bloc devaluatioiu triggered by the 
November 1967 devaluation of iterling, and those of the franc zone 
following the August 1969 devaluation of the franc. Roughly speaking, 
the sample is composed almost exclusively small, open, de^oping 
countries.* The countries and the nominal rates of devaluation are 
listed in table Al. 

Since the countries in the sample report foreign assets and liabilities 
on a quarterly basis for both central and private banks, a measure of net 
holdmgs of foreign reserves (R) by the consolidated banking system is 
available * The change in the net foreign reserve position during the 
4 quarters prior to the quarter of devaluation provides a measure of the 
balance of payments in the year before devaluation, while changes in 
net foreign reserves the 4 quarters after devaluation measures the fiay- 
ments balance the year after ^ Each measure is then divided by the money 
stock at the beginning of the respective period The improvement in the 
balance of payments as a proporuon of the money stock is then found by 
simply subtracting the second measure from the first, thereby giving the 
left-hand side of equation (7) Clearly, the same calculations can be done 
for 8 quarters before and after devaluation for 2-ycar comparisons 


Korean devaluauons of February I960 and February 1961 were too close together ibr 
the testa we perfonn and were thus omitted Iceland’s small devaluation of August 1961 
was not included for the same reason, but the larger one in February of the preceding 
year was We then added three devaluautms dunng the decade of the i960s not included 
in Cooper's sample—Finland, Peru, and Venezuela—and Anally three others that 
occurred in 1970—Ecuador, Turkey, and Ptulippmcs—too late for data to be available 
for Cooper's study 

’ A major problem with this sort of sample set is that the meazure for the oemoiai or 
official rate of devaluation is typically substantially larger than the ^Ktwe rate at a result 
of the use of devaluation as a means to eliminate or ease multiple exchange rates, 
quanutative controls on imports, and rcstncuoni on Bnancial transfers, and to do away 
with other exchange control schemes such as advance deposits for imports and special 
foreign exchange accounts for exporten As a result, the effective rate of devaluation 
invariably faUs well short of the official rate Nevertheless, no attempt u made to estimate 
effective rates of devaluation, pnmanly for want of a workable way of undertaking the 
esumates This leads to two sorts of biases that arc uken up in detail following the 
emp.ncal tests In what follows, the rate of devaluation is measured as the percentage 
increase in the local currency price of the dollar 

* With few exceptions, the net foreign suKt position of the consolidated monetary 
sector is reported in the 1973 supplement to the InUmaltenal Ftnannal SlaMtes (IFS), as 
are the data on money stocks and exchange rata upon which our calculations are based 
(ibr Argentina and Iceland dau were taken firom the 1965/66 and 1966/67 supplements, 
rcqsectively). 

’’ Since foreign reserves are meuured in home currency, the quarter of devaluation is 
not included in the calculations of the change m reserves so as not to record the accounting 
revaluation of foreign reserves as part of the improvement in the balance of the payments 
following devaluation Dropping the quarter of devaluabcai from the calculations has the 
additional benefit of dimuuAing the effect of speculative currency flows m anucipatiaa of 
devaluation uid repatriation aflerward fix purpoMS of profit taking. That is, the changes 
in reserves before and after do not include llmte changes that take place dunng the quarter 
of devaluation. 
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The definition of money umd if the same as the IMF definition, 
namely, currency pluj demand depoiitt or money narrowly defined. 
Finally, to measure domestic credit, we deduct net {bieign assets of the 
consolidated banking system, R, from the money stock, Af, thereby 
giving domestic credit, Z), from the balance-sheet identity (3).* 

Regressing the improvement m the balance of payments as a proportion 
of the money stock on the nominal rate of devaluation and the increase 
in the rate of growth of credit as a proportion of the money stock, for 
1- and 2-year periods, respectively, giva 


a£..12^-.76A^ 

^ (.06) '' (.14) ^ 


( 8 ) 


A 


£ 

M 


= 29 — - 82 A — 
( 10) ( 15) ^ 


= 65 
SE = 20, 


(9) 


which corresponds to the final expression (7) of the simple monetary 
model of devaiuaUon The standard errors arc reported in parentheses. 

The most striking result common to both regressions is the coefficient 
of nearly — 1 (— 76 and — .82, respectively) for increases in the rate of 
gpowth of domestic credit over 1 and 2 years The corresponding 
t-statistics for the hypothesis that the coefficient indeed equals — 1 are 1.7 
and 1 2, so that one could not reject the hypothesis Loobng at the tame 
result somewhat differently, one would reject the very strong nonmonetary 
hypothesis that changes in growth m domestic credit play no importance 
whatsoever since the relevant t-stausucs for this test arc both —54 In 
short, the evidence tends to support the domestic credit aspect of the 
monetary model 

However, in both 1- and 2-year periods, the coefficient for the rate 
of devaluation does not approach anythmg near umty, and m fact this 
hypothesis would be rejected On the other hand, the corresponding 
t-statisUcs of 2 1 and 2 9 for I and 2 years, respectively, would lead to 
rejecting the hypothesis that devaluation docs not have any effect what¬ 
soever in improving the balance of payments ’ In short, the evidence on 
the rate of devaluation is somewhat mixed However, as noted previously, 
this IS not entirely surprising since devaluauon is invanably accompamed 


* Tbe IMF defimuon of domenic credit coircspondj to oun with Donmonctaiy 
liabiktMi deducted, namely, quad money and other itenu net 

* We peribrmed the same testi for money more broadly defined 10 as to include tune 
deposita, or quan money of the IMF definmont The coefficients for the rate of devaluatson 
were of roughly the same magiutudc as those for currency plus demand deposits reported 
above. However, the coefficient for tbe rate of domesue credit cieatiaa was — 48 far 
1 year and — .18 for 2 years, the first being significantly different from aero wfaik the 
second is not. Thus, the monetary model perfonns well with money narrowly defined but 
not with money broadly defined It would appear that the demand faf mossey narrowly 
defined u more stable chan the demand fiir money broadly defined 
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by a substantial relaxation of the paraphernalia of exchange restrictions, 
which would tend to bias the coefficient for the exchange rate downward. 
A further bias toward zero results from the errors in variables problem,^** 
since one would expect that the magnitude of the effective rate of 
devaluation relative to the nominal rate varies from country to country. 
In addition to these biases, there is evidence to be reported in Part III 
that the major impact of devaluation, at least in the first year, falls upon 
the prices of traded goods, and only partially upon the general price level. 
As a result, the demand for money would not be expected to rise by the 
full proportion of the devaluation, and consequently the coefficient for 
the rate of devaluation would be lower, particularly for short periods. 
The larger coefficient for devaluation for the 2-year period would thus 
reflect, in f>art, more complete price adjustment ‘ * 

Our results can be fruitfully depicted in figure 1, where the improve¬ 
ment in the balance of payments as a percentage of the money supply 
is plotted along the vertical axis and the mcrease in domestic credit as a 
proportion of the money stock along the horizontal axis Graphically, 
either a continuously depreciating currency or a ngidly pegged one 
would theoretically yield observations along the line through the ongm 
with a slope of — 1. To the extent that a country experiences a discrete 
devaluauon, the observation should he above the line by a percentage 
amount slightly greater than the rate of devaluation, namely, (1 + g)/^lr 
above Notice that countries that expenence improvements m their 
balance of payments yield points above the horizontal axis, while those 
with worsened payments positions after devaluation lie below Similarly, 
countries expanding the rate of g^wth in domestic credit yield obser¬ 
vations to the right of the vertical axis, and those contracting he to the left. 

‘® If the effective devaluation were the same proportion, say 40 percent of the nominal 
rate, for each and every country, we would expect the estimated coefficient for the rate 
of devaluauon to be approxiinately 4 However, assume the true relationship between the 
nominal and effective rate of devaluation is n » os + ii, where /i is an error term with 
expectation zero The value of a in the above example is 2 5, and there is some random 
component ft causing dcviaUons from the true rclabonship. This must bias the coefficient 
for the rate of devaluauon toward zero and may bias the coefficient for the rate of growth 
m domestic credit in either direction (sec Levi [1973] on the errors in variables problem 
for a recent proof) Using a techmque described in Theil (1971, pp 609-10, 614), and 
reestimatuig the regresuons with a relatively large standard deviation for the error term, 
<r, IS 2, the corrected estimates of the coeffiaenCs for the nominal rate of devahiatioo 
and the mcrease m growth of domestic credit were, for 1 year, + .14 and — 75 and for 
2 years, + 34 and — 78, respectively Since the average nominal devaluation was in 
fact 48, a standard deviation of the mar ttrm of 2 would be rather large With o, 1, 
the coefficients are nearly identical with those reported m equations (8) and (9) We are 
indebted to G S Maddala for helpful discussion on this point 

' ‘ The above results can, however, be viewed in a different way Suppose in fact the 
monetary model is the correct one and full adjustment takes place over 2 years, equation 
(9) would imply an average effecuve rate of dei^uauon equal to approxiinately 30 percent 
of the nominal one. 
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It IS clear that the observations do not deviate from the line through 
the ongin by a magnitude near the nominal rates of devaluation Thu 
may be the result of a number of thmgs, including the removal of exchange 
controls And, one would not expect the full impact of the devaluation 
to take place enUrely during the year after This m fact seems to be the 
case from inspection of figure 2, which illustrates the same relauonships 
for 2 years before and after devaluation In general, the points appear 
to have drifted upward, indicating more complete adjustment over the 
two year pieriod 

Both figures share one feature m common almost every country which 
contracted the rate of growth of domestic credit experienced an improve¬ 
ment m the balance of payments over both 1- and 2-ycar periods That is, 
the southwest quadrant m both figures « nearly empty It would appear 
from this that a reduction in the rate of growth in domestic credit u, for 
all practical purposes, sufficient to guarantee an improvement m the 
balance of payments. 
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nL Devalaatioa and Pricea 

We have suggested that the pnce adjustment followmg devaluation 
involves primarily a substantial increase m the price of traded goods, 
exports, and imports and, secondarily, a moderate acceleration in the 
overall rate of inflation. As a result the coefficient applying to the rate of 
devaluation should be lower than that suggested by the simple monetary 
model. 

Evidence supportmg these assertions is provided by the average 
behavior of prices before and after devaluauon Figure 3 illustrates the 
path of four price indices—wholesale, consumer, export, and import— 
in home currency on a quarterly basis for 2 years before and after 
quarter 0, the quarter of devaluaUon The indices are calculated for only 
eight of the devaluations in the sample set since only eight reported all 
four indices, and therefore the results are tentative in nature.* * 

** The price indices are for Colombia 1962 and 1965; Finland, India, the FhiUp^nci 
1962, 1965, 1970; and Turkey. All indices ate m home currency and are taken bom the 
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This evidence exhibits the following characteristics- 

1. Export and import prices rise very shghtly prior to devaluation at 
about the same rate, but wholesale and consumer paces rise at a faster 
but nearly identical rate 

2 In the year following devaluation, the prices of exports and imports 
rise substantially, while consumer and wholesale paces rise at a faster 
rate than before but at a slower rate than the paces of traded goods 

3 Dunng the second year after devaluauon, all paces rise at about 
the same rate 

4 Over the entire 2-year penod after devaluaUon, the paces of exports 
and imports rise at a greater rate than wholesale and consumer prices, 
and this increase m the relative pace of traded goods was sufficient to 
rectify the relative decline in their price prior to devaluauon 

If we suppose that the rates of mflaUon of each mdex would have 
nemamed the same had no devaluation taken place, then the devaluation 
would have added 13 and 14^ percent to the consumer and wholesale 
price indices, and 30 and 31i percent to the export and import pace 
indices over 2 years. For the eight observauons, the average rate of 
devaluation was 51 percent, so that while the paces of traded goods may 
have risen by an amount near the devaluauon, prices in general did not. 


1973 lupplemeiit to the /FS, except those for export and unport prices for India, vdadt 
an from the I>ecember 1967 and Deoember i9M unies. pnoe index u cakulated 
by averaging acroi countries for each quarter the level of the conespondtng pnoe uuleot. 


JOUXMAL OF POLITICAL SOONOKY 


858 

In summary, it would appear that devaluation in developmg countries 
does not have substantially inflationary effects The view that inflation 
brings about devaluation might appear more credible than the reverse. 


rv. Concluding Remarks 

In assessmg the monetary framework we find' 

1 Devaluation in developing countries appears to be quite successful 
in improving payments imbalances, particularly in light of the fact that it 
frequently serves the second objective of dismantling exchange controls 
Further, the extent to which devaluation is successful depends in large 
part upon the monetary policy pursued along with the change in the 
exchange rate In particular, a moderate decline m the rate of growth of 
domestic credit seems sufficient to insure that devaluation improves the 
balance of payments 

2 On the other hand, the price adjustment following devaluaUon 
involves pnmanly a substantial increase in the pnee of traded goods 
and, secondarily, a moderate increase in the overall rate of inflation In 
most instances, devaluation is preceded by inflation and in some by falling 
export prices, so that the change in the exchange rate is perhaps best 
viewed as a policy response to monetary and/or real disturbances depend¬ 
ing upon the particular instance In light of the related fact that exchange 
controls are frequently relaxed following devaluation, it is not surprising 
that Its consequences arc only moderately inflationary relative to rates of 
devaluation However, the improvement in the balance of payments 
and the rate of devaluaUon arc jxisiUvcly related m both 1- and 2-year 
tests The coefficients for the rate of devaluation, while significant, fall 
well short of unity, however, so that the pnce-adjiistment mechanism 
of the simple monetary model would be rejected 

3 In conclusion, we feel it important to relate our generally piosilive 
findings on the monetary approach to the negative ones reported by 
Richard Cooper (1971) in his extremely valuable study. Specifically, 
Cooper found no correlauon between the change in domestic credit of 
the banking system in the year followmg devaluation and the improvement 
in the goods and service balance in the same year for roughly the same 
sample of countnes we analyze His finding differs from ours primarily 
m that his is for only the merchandise account, while the monetary 
approach has to do with the overall balance of payments The monetary 
argument is basically that one cannot expect devaluaUon to improve 
the overall balance of payments unless it leads to an increased demand 
for money unmatched by an increase in domesue credit. His test suffers 
from two other shortcomings: first, the magmtude of the rate of devalu¬ 
ation by country is not taken mto account, and second, as pointed out 
by Carlos F. Diaz Alejandro in his comments on Professor Cooper’s paper 
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(Cooper 1971, p 513), the companion should involve increases in the rate 
of growth of domestic credit (bllowing devaluation, as is done in our 
study, rather than the rate of growth of domestic credit, as in his study. 


Appendix 


TABLE A1 


DevALVINC CoUNTBlEl 


Country 

Date 

Nominal Devaluation 
m Home Currency 

1 Argentina 

January 1959 

58 

2 Colombia 

November 1962 

34 

3 Colombu 

September 1965 

50 

4 Costa Rica 

September 1961 

18 

5 Ecuador 

Jidy 1961 

20 

6 Ecuador 

August 1970 

39 

7 Fmland 

October 1967 

30 

8 Iceland 

February 19G0 

56 

9 India 

June 19W 

58 

10 Israel 

February 1962 

67 

11 Korea 

May 1964 

96 

12 Peru 

October 1967 

44 

13 Philippines 

January 1%2 

94 

]4 Philippines 

November 1%5 

11 

15 Philippines 

February 1970 

65 

16 Tunisia 

September 1964 

24 

17 Turkey 

August 1970 

65 

18 Venezuela 

January 1964 

42 


SoDKCt —UdIcm oihrrwiBe coied, ih« rAles of d«va)uat»cn ftre ukra from the 1973 Mpplemcni to the 
ImtngttorntJ Fmtmndl Arfetitine 0) from free rate i& third quarter of 1938 lo oAcj^ ntr lo aecood 

quarter of 1959, 1965/66 tupplement to iFS, p 4, Iceland (8) from midpotot of leDing ranfe in quarter 
prior to devaluation to new telliag rate 19W/67 lupplement to IFS p 120, Philippines (14) from IFS 
(Decernber 1S66), p 245 
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Another Advantage of the Division of Labor 

Nathan Rosenberg 
Slttiffird Vimmsify 


It u almost unseemly still to be searchmg out further advantages which 
Adam Smith attributed to the division of labor Surely the 200 years 
which have now elapsed since the pubhcation of the Wtalth of Naboni 
has been ample time for even the dullest-witted assortment of scholars to 
ferret out all interesting bits of Adam Smith’s discussion of that subject. 
Nevertheless the purpose of this paper will be to call attention to yet 
another significant advantage beyond the three which Adam Smith 
identified in the celebrated first chapter of the Wealth of Nations ‘ 

The discussion with which I will be concerned did not appear m the 
Wealth of Nations but in a set of lectures on rhetonc and belles lettres which 
Adam Smith delivered at the University of Glasgow in 1762-63 (Smith 
1971) (Smith scholars who might expcnencc some self>mortificadon at 
their failure to perceive the significance of this treatment may therefore 
be reassured that the lectures have been in the public domain for only 
a few years) I intend to show that this discussion is not only neatly 
consistent with and supplementary to the time-honored treatment in the 
Wealth of Nations, but that it also enlarges our understandmg of Smith’s 
views in some important respects 

The matcnal with which I am concerned was presented in a lecture on 
February 7, 1763 ^ In earlier lectures Smith had been concerned with 


The author wuhea to acknowledge the valuable comioenis which he received on an 
earlier draft from Paul David, David Mowery, and George Suglcr 

* “Thu great increaac of the quantity of work, which, in consequence of ibe diviaon of 
labour, the aamc number of pet^e are capable of perfornung, u owing to three diffierent 
circunuunces, lint, to the increaK of dextenty in every parucular ivoriman, Rcondly, 
to the uvtng of the ume which u commonly loai in pamiiig from one speciea of work to 
another, and lastly, to the loventioo of a great number of machuiea which frcilitale and 
abridge labour, and enable one man to do the work of many" (Smith 1937, p 7} For a 
fiirther discuiaion of Smith’s views on the division of labor, sec Rosenberg (1963) 

* Interesungly enough, these lectures were dehvexed ai about the same tune as hu 
iMtens m Jastue, Petm, Romm and Arms (Smith 1936) On the exact dating of thoK 
student lecture notes Cannan coocluded 'Ti is probable that ihe actual lectures from 
which the notes were tsdnit were debvered eitber tn the portioa of Ihe academical sessmn 
of 1763-4 which preceded Adam Smith's departure, or in the tesuon of 1762 - 3 , almost 
certain that they were not deUvesed befare 1761 - 2 , and absolutely certain dial they were 
not detirered befere 1766 - 1 '' (Smith 1936 , p. xx) 
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demonstrative and deliberative eloquence and in this lecture turned his 
attention to judicial eloquence. Legal arguments, he asserts, take essen¬ 
tially two forms, either to demonstrate by “abstract reasoning" that 
something “follows from some statute,” or by showing “how it has been 
supported as law by former practice and similar adjudged causes or 
precedents" (1971, p 168) At this juncture Smith points out that neither 
the Greek nor Roman lawyers had made any use of the second category, 
which IS so widely exploited by modem lawyers, and he undertakes in a 
digression to explain this failure His explanation turns upon a more 
extensive division of labor in modem as compared with ancient times 

A central feature of earlier periods, Smith points out, is that the duties 
of judge, general, and legislator were commonly performed by the same 
persons—“at least the two former arc very commonly conjoined” (1971, 
p 168). In barbarous societies, when men formed the habit of subnutting 
themselves to control by some superior pierson, they did not generally 
distinguish between different realms—military, legislative, or judicial 
As a result, 

The same persons therefore who judged them in peace, led 
them also to battle In this two-fold capacity of judge and general, 
the first kings and consuls of Rome, and other magistrates, 
would reckon the judiaal part of thar office a burthen, rather 
than that by which they were to obtain honour and glory, 
that was only to be got by military exploits They therefore 
were very bold in passing sentence They would pay very little 
regard to the conduct of their predecessors, as this was the least 
impiortant part of their office This part was therefore for their 
ease separated from the other and given to another sort of 
magistrates These, as the Judicial was their only office, would 
be at much greater pauns to gam honour and reputation by it 
[Smith 1971, p 168, cf Smith 1937, pp 680-81]* 

In this passage Smith thus argues in favor of a more extensive division 

^ Of course Smith also recogmzed that the exercise of the judicial power on the part 
of the sovereign was likely to lead to many grave abuses, especially when the adininistra- 
non of justice was made ‘'subservient to the purposes of revenue ’’ See Smith (1937), 
bk 3, chap l,pt 2, “Of the Expense of Justice,” where be observes “In all barbarous 
govemmenis, accordingly, in all those ancient governments of Europe in particular, 
which were founded upon the nuns of the Roman empire, the adrmnistrabon of justice 
appears for a long tune to have been extremely corrupt, lar fitim being quite equal and 
impartial even under the best monarchs, and altogether profligate under the wont" 
(p. 676) More generally “When thejudicial is united to the executive power, it is scarcely 
possible that justice should not frequently be sacrificed to, what u vulgarly called, 
pohtics. . In order to make every individual feel himself perfectly secure in the posses¬ 
sion of every nght which belongs to him, it u not only neceaary that the judicial should 
be separated fiora the executive power, but that it should be rendered as much as possible 
independent of that power” (p 681} 
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of labor by aiserdng that it ii better to have two important aocial iunctionf 
divided up among leparate individuals rather than having them combined 
in a single individual. Tlie reasomng underlying the argument will be 
latniliar to all readers of the Wealth of Nations. If an individual’s attain¬ 
ment of recognition and success is linked to only one of the two activities 
which he regularly performs, he will have no parucular motivauon to 
perform the other activity well A man who is simultaneously general 
and judge should not be expected to devote any extensive effort to the 
latter ftmeuon if his place m society is determined entirely by his qualities 
as a military leader It hardly requires any margmalist calculations to 
predict that, if the returns to activity A remain very high while those Ibr 
activity B are effectively set at zero, the latter activity will be cither per¬ 
formed in a most perfunctory way or totally neglected One can almost 
hear the Adam Smith of the Wealth of Nations intoning at this point. 
“In every profession, the exertion of the greater part of those who exer¬ 
cise It, IS always in proportion to the necessity they arc under of making 
that exertion” (1937, p 717) If there is no necessity or no gam to be 
denved from the performance of the judicial function, it cannot reasonably 
be expected that it will be performed well * 

From this {x>int of view, therefore, a new division of labor mvolvmg 
the separation of military and judicial funcUons makes great sense since 
those who now perform only the judicial fiincuon have a powerful incen- 
Uve to perform it well Under the old division of labor, by contrast, 
judicial responsibilities were in the hands of people who lacked the motiva¬ 
uon to perform them well Indeed, this new division of labor is freighted 
with the greatest of all social consequences The establishment of a separate 
judiciary not only creates new and powerful mouves for the efficient 
performance of judicial funcUons It also insutuuonahzes forces which 
lead to a highly desirable pattern of cumulative social change For a 
full-time judiciary 

would be at fiains to strengthen their conduct by the authority 
of their predecessors When, therefore, there were a few judges 
appointed, these would be at great pains to vindicate and 


* As Smith states elsewhere about a univeniiy teacher who denves hu enure income 
from endowments and is therefore totally independent of any form of remurserauoa fiom 
his pupils “Hu mterest u, in thu case, set as directly in opposition to hu duty as it u 
ponbie 10 set it. It u the interest of every man to hve as much at hu ease ai he can, 
and if hu emoluments are to be precisely the same, whether he does, or does not petfonn 
some very labonous duty, it u certainly hu interest, at least as mterest u vulgarly under¬ 
stood, either to neglect it altogether, or, tf he u subject to some authonty which will not 
suffer him to do thu, to perform it in ss careless and slovenly a manner as that authonty 

will permit If he u naturally active and a lover of labour, it uhuintetert to employ that 

activity in any way, from which he can derive toroc advantage, ralherthan in die per¬ 
formance of his duty, firom which be can derive rKme” (1937, p 718) 
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support their conduct by all possible means. Whatever, therefore, 
had been practised by other judges would obtain authority 
with them, and be received in time as law. This is the case in 
England. The sentences of former cases are greatly regarded, 
and form what is called the Common Law, which is found to 
be much more equitable than that which is founded on Statute 
only, for the same reason as what is founded on practice and 
experience must be better adapted to particular cases than 
that which is derived from theory only [Smith 1971, pp 168-69] 

Once the division of labor has led to the estabhshment of an independent 
judiciary, other dynamic forces are set into modon For, as Smith em¬ 
phasizes in the fVealtA of Nations, the pursuit of private self-mterest on the 
part of judges now generates a competitive process the outcome of which 
IS a judicial system far more responsive to individual needs: 

The fees of court seem originally to have been the pnncipal 
support of the different courts of justice in England Each 
court endeavoured to draw to itself as much business as it 
could, and was, upon that account, wilhng to take cogmzance 
of many suits which were not onginally intended to fall under 
Its jurisdiction each court endeavoured, by superior dis¬ 
patch and impartiality, to draw to itself as many causes as it 
could. The present admirable consutution of the courts of 
justice in England was, perhaps, onginally in a great measure, 
formed by this emulation, which anciently took place between 
their resfiecuvc judges, each judge endeavonng to give, in his 
own court, the speediest and most effectual remedy, which the 
law would admit, for every sort of injustice [1937, p. 679, 
sec also 1956, p 49] 

Note that, in this particular case at least, the competitive process 
(the endeavor of individuals to widen their jurisdiction) works against 
greater specialization But jusUce is, in fact, a very peculiar kind of ser¬ 
vice, and Its dispensation cannot be safely left to the marketplace. The 
freedom of individuals to “purchase” justice may lead to the destruction 
of justice itself, especially in the all-too-likely circumstances where the 
sovereign (or judge) treated judicial service as a source of revenue.’ 

* “Tiui tcheine of making the adnuiuitrsUaa of justice nibiervient to Che purpoM* of 
revenue, could taurce & 1 I to be productive of (event very gram abuse*. The penoo, who 
applied for justice with a large preKnt in hu hand, wa* likely to get (omething more than 
justice; while be, who applied for it with a imail one, wa* likely to get (omething leai. 
Jimice too might frequently be delayed, in order that thii preaem might be repeated. The 
amercement, bendet, of the penon complained of, might frequently (Uggest a very (trong 
reason for finding bun in the wrong, even when he bad not really been to. That mch 
abuie* were tar bom bong uncommim, the ancient hiitory of every country in Europe 
bear* witnei*” (Smith 1937, p. 675). 
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For the free operation of market forces may make it poHible for affluent 
litigants to buy favorable decisions from supposedly impartial judges. 
The problem is that the enforcement of justice requires that its dispcnsa- 
tion be linked institutionally to the power of the state,* whereas such 
linki^ inevitably creates numerous opportunities and inducements for 
the corruption of the service itself It is an extremely delicate matter to 
organize the administration of jusuce in such a way that outcomes are 
not influenced by the desire for increased revenue on the part of either 
the judge or the sovereign.'' 

There is another aspect of the adrmnistration of justice to which Smith 
also calls attention Even when the rmhtary and judicial functions have 
been effectively separated, it is further essential that the judicial function 
not be placed in the hands of large social units. For it is unlikely that an 
activity will be performed well if individual mouvauons arc not strongly 
engaged to perform it well And when mdividuals share responsibilities 
within a sufficiently large collecUvity, individual mcenuves are mevitably 
diffused or even totally dissipated * In judicial proceedings, as elsewhere, 
It IS m society’s interests to mamtain the closest possible linkage between 
individual effort and individual reward To do this projxrly therefore 
requires that the acuons of single individuals be highly visible- 

These judges, when few in number, will be much more anxious 
to proceed according to equity than where there is a great 
number The blame then 1 $ not so easily laid upon any particular 
person, they are in very httlc fear of censure, and are out of 
danger of suffering much by wrong proceedmgs Besides that a 
great number of judges naturally confirm each other, prejudice 
and inflame each other’s passions We sec accordingly that the 
sentences of the judges in England are greatly more equitable 
than those of the Parliament of Pans or other Courts which 
are severed from censure by their number The House of Com¬ 
mons, when they acted in a Judicial capacity, have not always 
proceeded with the greatest wisdom, although their proceedings 
arc kept upon record as well as those of the other Courts, and 
without doubt in mutation of them [Smith 1971, p 169]* 


* Although there u a form of competition, just desenbed, among existing courts, there 
u no fiee entry into the jusucc trade, which is monopolised b> the state 

^ It IS this problem which accounts for South's central concern in "Of the Expense of 
Juance” (n 3 above). 

* It this an eighteentb-century anucipauon of the “fire nder" problem’ 

* Similar difficulnet had plagued the ancKM world “The case was the same with regard 
to the Areopagus and the Council of Five Hundred at Athens Their number was too 
great to reMnci them from arbitrary and summary proceedings They would here pay as 
hide regard to the proceedings of former judge* as those did who at the same tune poa- 
semed die oflioe of general along with that of judge The praetor at Roihe, indeed, oCtos 
borrowed firom the decrees; hot then nothing could be quoted as law to faun bsu what 



866 


JOUKNAL OP POLmCAI. EOONOMY 


In his judicial digression Smith therefore emphasizes two different 
kinds of advantages in connection with an increased division of labor. 
When responsibilities are divided up among different people so that no 
one possesses both military and judicial obligations, both obligations will 
be better performed. Judicial responsibilidcs arc performed better be¬ 
cause they now consdtute someone’s sole responsibility, and that person 
IS being judged solely by how well he performs it. When an individual 
pierforms more than one function, but his success is based only upon his 
performance m one of them, he will neglect the one to which his social 
status IS less attached On the other hand, it is cssendal that important 
soaal funedons not be reposed in large social aggregates. A division of 
labor involving fewness is essential because fewness is a precondition for 
establishing individual respionsibility Only when individual responsibility 
(or fault) can be estabhshed will individual effort be reliably engaged 
m ways which will promote society’s larger interests Thus, whereas 
Adam Smith had described the advantages of the division of labor 
in the opening chapter of the Wealth of Nattons in terms of an im¬ 
provement in human skills and capacidcs, his treatment in his lectures 
on rhetoric and belles lettres calb attention to basic improvements in 
motivation as well 

When law becomes a highly specialized acdvity, then, subject to an 
extensive division of labor and administered by small decision-making 
units, individual motivations and capaciues are more deeply and effec¬ 
tively involved in establishing justice and providing the inhabitants of a 
country with liberty and security The point is not of secondary or trivial 
interest to Smith Indeed, it is tempting to say that no point was more 
interesting to him, because justice is the essential and indispensable cement 
which binds a society together Beneficence, as he was at great pains 
to establish elsewhere, is not enough “Beneficence is less essential 
to the existence of society than justice Soacty may subsist, though not in 
the most comfortable state, without beneficence, but the prevalence of 
mjusticc must utterly destroy it” (1880, p. 79). 

In this vital way, then, is the history of the increasing division of labor 

was found in bu edict, which wu put up at the beginiung of each year, and in which he 
declared in what manner he wai to regulate hu conduct, (This was the cuitoin till the 
Ume of the Edictum Perpetuum ) He would have taken it as a great af&ont to hu judge¬ 
ment to have been told that such an one beibre bad done io-and^o And no part of the 
former edicts could be quoted but what wa* transenbed into hu, and in hu name it wai 
always to be quoted Hhcre wa* therefore no room for precedeoU in any Judicial plead¬ 
ings amongst the Greeb or Romani . ” (Smith 1971, pp. 169-70) 

It u important to recognize here that Smith u dealing with two separate usuet the 
extent of the drvuion of labor and the lue of the appropriate decudon-making unit. In 
hu Ledum an JVutane and BaUas lattm, however. Smith joint thcae unica by iniutiiig that 
fewnca u necemry to derive the benefiti which might be expected to flow from greater 
divtuon of labor m judicial proceedings. Note that on p. of tboie lectures (quoted 
above) he bod stated that judges would be “anxioui to proceed acooidiog to equity^ when 
they were “few in number.” Thu unporumt qualilicadon, u we will tee below, it repealed 
in ^ next paragraph (1971, p. 170). 
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in the judicial proceas inaeparably linked to the fulfillment of other 
goals which constitute the fbundationa of any truly civilized community. 
Fm* beneficence, however desirable and meritorious, is never a sufficiently 
strong force; 

Though Nature,.. exhorts mankind to acts of beneficence, by the 
pleasing consciousness of deserved reward, she has not thought 
it necessary to guard and enforce the practice of it by the terrors 
of merited punishment in case it should be neglected. It is the 
ornament which embellishes, not the foundation which supports, 
the building, and which it was, therefore, suffiaent to recom* 
mend, but by no means necessary to impose Justice, on the 
contrary, is the mam pillar that upholds the whole edifice. 
If It IS removed, the great, the immense fabric of human society, 
that fabnc which to raise and support seems in this world, if I 
may say so, to have been the peculiar and darlmg care of Nature, 
must in a moment crumble into atoms [Smith 1880, p 79] 

Fmally, by joimng the hitherto separate threads of South’s treatment 
of the division of labor and the administration of justice, we arrive at a 
deeper appreciation of what Smith had in mind when he observed m 
chapter -f- of book 3 of the IVealth of Natunu that “ commerce and 
manufactures gradually introduced order and good government, and 
with them, the liberty and security of mdividuals, among the inhabitants 
of the country, who had before lived almost in a continuai state of war 
with their neighbors, and of servile dependency upon their superiors. 
This, though It has been the least observed, is by far the most important 
of all their effects (1937, p 385) Although it is possible to infer some 
of Smith’s meaning when the statement is placed in the larger context of 
the argument of the Wtallh of Nations as a whole,* ^ we can now make use 

'' In the next irnlence Smith adds “Mr Hume is the only writer who, so lar as 1 
know, has hitherto taken nouce of it ” The n^itonihip u, of course, a reciprocal one, in 
that commerce and manufactures can continue to flouruh only in a soaety where justice 
conlinuet to be properly admuustcred “Commerce and manulartures can seldom flouruh 
long in any (late which does not enjoy a regular admirustratioo of jusucc, in which the 
people do not feel thenueUTs secure in the poaseauon of their property, in which the faith 
of contracts u not supported by law, and in which the authonty of the slate u not sup¬ 
posed to be regularly employed in cnfbrung the payment of debts from all thoae who arc 
able to pay" (1937, p 862) 

The development of freedom and jusber depended, butoncally, upon the destruc¬ 
tion of the povrer and authonty of the ancient barons of the Middle Ages and the end of 
the “servile dependency" of ibcir reuiners and tenanu upon them Smith spells out in 
the Wtatli ^ Natwns (bk 3, chap 4) how the rue of commerce destroyed the power of the 
ancient barons and thereby “gradually introduced order and good goversunenl." Akmg 
with Ihu went the elimination of the arbitniry czercue of power "Tlie lenanls having in 
this manner becoma independent, and the rcuunen being dumised, the great propneton 
were no longer capable of inicrrupUng the regular execution of juauce, or of diaturiiing 
the peace of the country** (1937. p 390, sec also 1956. p 155) “Nothing tends so much 
to corrupt mankind as dependency, whde indepcndcsicy suU increases the homsty of the 
people. The esubhahment of commerce and roanufricnirea, which brings abmit thn 
usdepesideacy, u the best poboe (or prevenbag crimes" (sec aim Roaenbcig 1968} 
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of the student’s lecture notes to draw the highly significant conclusion 
to which Smith intended his aigumoit to lead, that .. it may be looked 
upon as one of the moat happy parts of the British Clonstitution, though 
introduced merely by chance and to ease the men in power, that the 
office of judging causes is committed mto the hands qf a few persons whose 
sole employment it is to determine them (1971, p. 170; my emphasu). 
For increasing wealth has led, in the British case, via an increasing division 
of labor, to improvements m the administration of justice of the greatest 
moment for society. It seems appropriate to leave the last word in thu 
matter to Smith himself: 

The separation of the province of distributing justice between 
man and man from that of conducting affairs and leading armies, 
is the great advantage which modem times have over ancient, 
and the foundation of that greater security ^hich we now enjoy, 
both with regard to hberty, property, and life. It was introduced 
only by chance to ease the supreme magistrate of the most 
laborious and the least glonous part of his power, and has never 
taken place until the increase of refinement and the growth 
of society have multiphed business immensely [1971, p. 170; 
cf 1937, pp 680-81] 
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Taxes, Spending, and Property Values: 
A Comment and Further Results 

Geoi]ge Richard Meadowf 
Umiurrify ^ Wueeium—Mtiw a ukti 


In a recent issue of this Jounud, Matthew Edel and EUiott Sclar (1974) 
present an interesting cnticism and extension of Wallace Oates’s well- 
known article (1969) Edel and Sclar argue that the cross-section relation¬ 
ship between property values and local pubhc budgets reported by Oates 
does not confirm the Tiebout (1956) hypothesis of the existence of an 
approximation to an efficient allocation of local public goods and services. 
Rather, Oates’s results merely confirm that families have preferenc e s 
regarding local service levels and act accordingly Moreover, Edel and 
Sclar continue, the presence of a significant negative relationship between 
residential property values and the local effective property tax rate 
(property tax capitalization) implies that Tiebout’s solution is not achieved 
—at least not for the period covered by the data Nevertheless, Edel and 
Sclar suggest that, by observing changes in the magnitude of property 
tax capitalization over time in a given housmg market, we may be able 
to discern movement toward the Tiebout result as supphes of local pubhc 
services are adjusted to their long-run cquihbnum values They conclude 
by presentmg results for the Boston area which seem to suggest movement 
toward Tiebout equilibrium for local public education between 1950 
and 1970. 

This paper attempts to demonstrate that although Edel and Sclar have 
made an important contnbution in the theoretical investigation of this 
issue their empmcal methodology suffers from two major shortc»mings. 
First, they have failed to account adequately for several factors resulting 
m intercommumty differentials in local property taxes and m residential 
property values, second, the structure of their empirical model, and its 
interpretauon, is inappropriate to the hypothesis being considered Finally, 
it IS shown that when these deficiencies are corrected in a reexamination 
of the New Jersey sample utilized by Oates, the results strongly suggest 
an approximation to the Tiebout result m both 1960 and 1970 

I am gmteiiil for the conuneim and luggcsuoni of Swamjit Arom, Douglai Boolli, 
Joseph DeSalvo, Manuel Gottkeb, Tong Lee, Ulaganathan Sankar, and a referee. 

1976, ^ 84, oo 4, pC I) 

C 1976 bf The Uaivenitir of CUcofo AU r r m iv ed. 
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Problems with Testing the Tiebout Hypothesis 

The immediate difficulty to be faced when we attempt to apply the Tle- 
bout model to modem urban reality is, as Edel and Sclar put it, “holding 
other background conditions constant.” (Oates, of course, was the first 
to address this problem empirically [1969, p. 960} ) That Edel and Sclar 
have not done enough in this important area can be appreciated by 
considenng the following omissions in their empirical analysis. (1) they 
have not allowed for the possibihty of a nonuniform intercommunity 
mix of residential and nonresidential property; (2) intercommunity 
differentials in state and federal aid to education and in the proportion 
of school-age children enrolled in the pubhc schools are ignored; (3) they 
make no attempt to hold constant variations in basic physical charac¬ 
teristics of the housing stock such as the age and size of stmetures; and 
(4) in their use of noimnal property tax rates, they have failed to adjust 
for the likely intercommumty differences in assessment/sales ratios. 
These omissions raise serious questions regarding the rehability of the 
estimates of tax and expenditure capitalization reported by Edel and 
Sclar. 

Nor do the difficulties end here Edel and Sclar note that Oates’s 
findings of partial capitahzation of both property tax rates and school 
expenditures do not support his conclusion regarding the efficacy of the 
Tiebout allocation mechanism, they assert that any capitalization implies 
a less than full Tiebout equilibnum Although Edel and Sclar’s theoreucal 
assertion is valid, as a generally apphcable test of the Tiebout hypothesis 
their single-equation model can be challenged on two additional grounds 
First, they appear to deny the possibility of reverse causality between 
property values, property tax rates, and local expenditures which Oates 
(1969, pp 964--65) argues necessitates the use of a simultaneous-equaUons 
model Second, without a simultaneous-equations model they are unable 
to isolate and evaluate the Ticbout-relevant indirect impacts on property 
values caused by a change in any one fiscal variable 

To sec this second point, consider the budget pohey altcmaUvcs con- 
fronUng a representative municipal govermng body in a highly differ¬ 
entiated “Tiebout-type” urban area Suppose that these individuals 
actually want to implement a local budget which reflects the preferences 
of the cxistmg residents. In the annual budget deliberations, each new 
spendmg proposal (or proposal that spending be curtailed) will be 
considered from the vantage point of whether or not it will, on balance, 
make that commumty a more desirable place to live.' The local govermng 
body will have four major classes of action open to it each year (all in 

‘ It should be noted that thcK decisioni must always be made in the context (antiapa- 
tion) of the local pubhc budget decisums bang made in other neighboring communities 
m the same housing market 
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real terms): (1) keep the same budget it had last year, (2) keep the same 
tax rate but change the mix of local services, (3) keep the same mix of 
local services but change the tax rate, and (4) change both the tax rate 
and the mix. If we assume that this decision is reached in any one com* 
munity on the assumption that other neighboring communities maintain 
their existing budgets, then the alternative selected may be thought of as 
that which increases (or prevents the dcclmc in) property values the most. 
It could be concluded that a Tiebout equilibrium had been reached when 
the only alternative which prevents a dechne in site values is to keep 
things as they are 

Supfiose, however, a given community finds itself out of Tiebout 
equihbnum and that movement toward the cquilibnum requires some 
change in the local budget Any such budgetary change cannot be 
confined to only one fiscal variable, therefore, any empirical investigation 
of the Tiebout hypothesis must at least attempt to encompass the addi¬ 
tional (and usually ofTsetUng) effects on property values stemming from 
the other fiscal changes For example, the decision to reduce local property 
taxes, ceims panbus, is also a decision to reduce local service levels Like¬ 
wise, the decision to increase school expenditures is also the decision to 
reduce nonschool expenditures unless tax rates arc also changed. Accepting 
this and Oates’s simultaneity argument, it follows that the full fiscal 
impact on property values from a change in the local budgetary decision 
will not be reflected in the coefficient estimates from a single structural 
equation—not even when that single equanon is embedded in a sunul- 
taneous-equaUon model (as in Oates) Generally speaking, the Tiebout 
hypothesis can only be tested by examining the full effects (both direct 
and indirect) on property values caused by a change m Lax rates and 
local service levels 

Edel and Sclar’s single-equation model provides a valid test of the 
Tiebout hypothesis only when simultaneity can be denied and where 
intercommunity tax rate and expenditure diffcrcnUals result solely from 
differences in tastes Under these circumstances, Tiebout equihbnum, 
at least for all public goods considered at once, would be indicated bj the 
absence of tax and expenditure capitalization as Edcl and Sclar suggest 
But in the absence of these two conditions, property tax and expenditure 
capitalization mdicated in a single equation may not be inconsistent with 
Tiebout cquibbnum for either all public goods markets considered at 
once or for individual public services considered separatelv. 

A SimulUmeoua-Equationsi Model for Testisig the Tiebout 
Hypotheais 

I present a four-equation model in which the first cquauon is sinular 
to that employed by Oates and other previous investigators. This model 
differs from earlier ones, however, in that the generally acknowledged 
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simultaneity among property values, property taxes, and local expend!* 
tures is given an explicit structural form. The structural equations and 
variable definitions are as follows: 

K = flo + <*1^ + ‘* 2^1 + + "S'® + (1) 

Z = *0 + + ^3 + *4 J\^XFALPJl 

( 2 ) 

+ 6, AIDPP + bt, PUB + 

£, = Co + 2" + + Cj RVALPP -)- NRVALPP 

+ f j AIDPP + e* PUB + c, f/5 + pj, 

= rfo + </i 7’ + d^E, + </, RVALPR + NRVALPR 
+ rfj OWN + DEN + d. A' + rfg NWK (4) 

+ dj AREA + pg. 


where' 


V = median value of owner-occupied dwellmgs, 

7* = equalized property tax rates for all local services 
including educauon, 

E, = weighted school expenditures per pupil (oper- 
aung and debt service), 

E^ = mumcipal expenditures per resident, 

R Si median number of rooms p>cr residential dwelling 
unit, 

D = index of accessibility (weighted average linear 
distance to area central cities), 

A <= average age of residential dwelling umts, 
RVALPR e equalized value of residential (owner and non- 
owner occupied) property per resident, 
NRVALPR = equalized value of nonresidcntial property per 
resident, 

AIDPP » state and federal aid to educauon per pupil, 
PUB SB percentage of resident scbool-agc children attend¬ 
ing public schools, 

RVALPP « equalized value of residential properly per 
pupil, 

NRVALPP SB equalized value of nonresidential property per 
pupil, 

HS percentage of residents over 25 yean old having 
completed high school, 

OWN SB percentage of residential dwelling units awtter 
occupied, 

DEN » population density, 



COtOlUKICATIONa 


873 


X » percentage of real property value exempt firom 
property taxation, 

XWK * percentage of reudenti 16 yean old or over who 
are not memben of the labor force, 

AREA w land area of the municiptality, 

Hi b tth equation’s stochastic disturbance term 

Equation (1), where residential property values are determined by 
local property tax rates, public expenditure levels, average size of d%velling 
units, accessibiiity to regional employment centen, and average age of 
dwelhng units, is quite siimlar to that employed by Oates and other 
previous investigaton In equation (2), local general property tax rates 
are determined by local expenditure levels, local fiscal capacity (residential 
and nonresidenual property), state and federal aid to education, and the 
rajbo of school-age children attending public schools These more in¬ 
clusive measures of mumcipal fiscal capacity are believed to be superior 
to that used by Oates because the residential-nonrcsidcntial mix and the 
proportion of owner-occupied units vanes widely across his New Jersey 
sample ^ Moreover, certain nonresidenual properUes may convey fiscal 
advantages upon the residents of the community, viz, reducUons in the 
tax price of local services * If this variable (say nonresidenual property 
per resident) is posiuvcly correlated with property values and tax rates 
or local service levels, its omission will bias upward the regression coeflB- 
cicnt esumates of the included fiscal variables, mdicaung a greater degree 
of capitalization than actually exists * The same argument can be made 
with respect to the cost of local public education, because these costs will 
vary inversely with state and federal aid and nonpubhc school attendance. ’ 
In equation (3), school expenditures per pupil arc a funcuon of the per¬ 
centage of resident adulu having completed high school and the previously 
discussed fiscal variables In equation (4), local expenditures for mumapal 
services per capita are determined by the percentage of owner-occupied 
dwelling umts, population density, the proporuon of real property 
exempt from property taxation, the percentage of working-age residents 
not in the labor force, the land area of the commumty, and the fiscal 
variables 

* In Onux’i mnplr of SS conununiun in I9G0, the pcrccnuigc owner occupied wici 
from 6.3 in West New York to 91 3 in GIm Rock—X •> 62 03. SU - 19 73 

* Any DonraidentisI scuvily will be deurabir if us tax pnymena (or coninbuiKaa m 
heu of UUKS) to the local puldic aectDr et)ual or exceed inarginai coats of the local 
publM servica il receives and if there a no net deeUne in thr community’s attrsictiveneas 
as a place to live ihromch changes in such (acton as accnsibibty to rmployment, dsnppwig, 
nod enlertatnnient centen and changes in envimiunmtal quality (aw. Bone, and aesdsme 
eatcmal efibxa). 

* See FbUahowtki (1973. pp. 993-98) and Edetsinn (1974, p 323) (or a tUsoMMi of 
thw problem. 

* Bdd and Sciar (1974) menisan ihn pombdity m thnr paper. 



JOURNAL OP POLmOAL ECX}N<»fY 


874 

The task of calculating the full impact on property values of any local 
budgetary change is further complicated by the fact that the variables 
we are primarily interested in are themselves endogenous. If they were 
exogenous instead, the full simultaneous impact on property values could 
be directly calculated from the reduced form of a simultaneous-equation 
model Although we will not be able to calculate the full effect stemming 
from a change in any one of our endogenous variables, it will be possible 
to calculate what may be thought of as a “first approximation” of the 
full effect. For example, with a change in taxes, the effect on property 
values IS approximated by 

dVjdT = dVIdT + {dVldE,){SEJdT) + {dVldEJ{dEJdT) (5) 

Equation (5) incorporates the inevitable changes in school expenditures 
E, and mimicipal expenditures E^ which accompany, any change in local 
taxes and which will themselves also affect property values All of the 
paruai derivatives in (5) can be estimated directly from the structural 
equations (1) — (4). Thus rewriting (5) in terms of esUmated regpression 
coefficients gives 

dVIdT = <f, + (5') 

Likewise, the “approximate” total effect on property values from cetens 
panbus changes m school expenditures and municipal expenditures are 

dVIdE, = dVIdE, + idVldT){dTldE,) + (dVIdEJidEJdE,) (6) 

and 

dVldE^ = dVIdE^ + (dyidT)(dTldEJ + (dVldE.)idE,ldEJ (7) 

In similar fashion both (6) and (7) may be rewritten in terms of esUmated 
structural coefficients as 

dVjdE, = dj + dii, + dji/j, (6') 

and 

dVjdE^ = 4, + (7') 

Although It IS clear that equauons (5) -(7) ignore many potential feedback 
effects, they may nevertheless provide a basis for a judgpnent regarding 
the apphcability of the Ticbout hypothesis In short, if the mcluded 
communiUes arc in Tiebout equilibrium (or nearly so), the estimated 
eflfects calculated by equauons (5)-(7) should approach zero or at least 
be considerably smaller in magnitude than the partial effects indicated 
by observing only the estimates of the structural coefficients (ai, Oj, and 
It}) from equaUon (1) Results to this effect arc presented in the next 
section. 

One final observation regarding equations (5)-(7) may help clarify 
the preceding discussion One aspect of Tiebout’s original discussion, 
which has been largely ignored in the subsequent empirical work, is that 
aliocadonal eqiuiibrium in a given community includes the mix of 
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local services as well as the scale of the local public sector Accordingly, 
a comprehensive test for the presence or absence of the Tiebout result 
would include the efiects on property values from marginal adjustments 
in both the scale and mix of local public services. Equations (5)—(7) 
provide this twofold test Equation (5) may be interpreted as the 
adjustment because changes in the tax rate alone imply proportional 
adjustments m all local pubhc services. Likewise, equations (6) and (7) 
reflect the effects of mix adjustments because a change m school expendi¬ 
tures or municipal expenditures alone {even with the imphed tax change) 
will result in a marginal change in the mix of local services It seems clear, 
therefore, that “full” Tiebout cquilibnum reqmres that the esUmates 
in equations (5)-{7) equal zero 


Empirical Resulta 

The model presented above in equations (l)-{4) was estimated for Oates’s 
sample of northeastern New Jersey suburbs in 1960 and 1970 * Each of the 
four equations is ovendentified, and thus estimation of the structural 
equations can be earned out using Two-Stage Least Squares (2SLS) 
(Goldberger 1964, pp 329-36) Table I contains these 2SLS estimates 
for both yean Looking fint at equation (1) in both 1960 and 1970 wc 
sec that the presence of capitalization of intercommunity diffcrenuals 
m cffecuve property tax rates is indicated by a negauve and significant 
tax coefficient in both years Likewise, the coefficient estimates of school 
and municipal expenditures {E, and respectively) arc positive and 
significant (except E, in 1970 which is only significant at the 13 level), 
also indicating capitalization in both years By Edel and Solar’s argument, 
one would conclude from these results that the Tiebout eqiuhbnum 
apparently has not been achieved in this housing market in cither year 
but that the consistent reduction in the size of ail fiscal coefficients from 
1960 to 1970 suggests that these communities arc closer to the Tiebout 
result in 1970 than they were in 1960 

On the other hand, when the estimates of the effect on property values 
from the full budgetary changes derived above in equauons (5)-(7) 
are compared with the single-equation estimates, the results arc more 
mdicative of the Tiebout result Table 2 contains both estimates for 1960 
and 1970 In each row of Ublc 2 the single coefficient value is shown 
first and the full-effect approximations (cqq [5]-[7]) are shown second. 
In every compiaruon shown m table 2 the magnitude of the capitalization 
effect IS smaller when estimated using the full system of equations than 

* Althmigfa Oates's 1960 sample included 53 coromumues, comparable data for 1970 
were available foe only 44 municipaliues due to the re tl a wific atioii in 1970 of nine com- 
muiuucs designated in 1960 as “urban lownslups " The csomates displayed in table 1 
are for the 44 commiuuues in both years The estimates fiar the 53 oommumty sample m 
1960 are shown in table Al 
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TABLE 2 

limuiQoiiifuinTY PkoPSKTy Value DimmamAU Amooiaieo 
WITH DIFFERENTIAU IN LoCSAL PUBUO BUDOEn 



1960 

(AT - 44) 

1970 

(JV- 44) 

1960 

(N - 53) 

dVIBT 

-3,644 65 

-1,882 77 

-4,247.78 

dVjdT 

-2,329.10 

-838 27 

1,353 32 

BVIBE, 

26 92 

00 

34.97 

dVjdE. 

-2 17 


4 27 

dVI8E^ 

6012 


91 46 

dVIdE^ 

654 

3 62 

18 40 


NoTB —In all caMS, coefficient! net significant at the 10 level or better are aanuned to be lero 


when estimated by the single equation This observed diminution of 
differential capitalization implies that these communities arc closer to the 
Tiebout result than is otherwise implied Turning to more specific com¬ 
parisons, we notice that in both 1960 and 1970 (for the 44-coinmunity 
sample) the negative sign of dVjdT implies that the local public sector 
IS too laige But when all 53 communities are included, dVfdT becomes 
positive, thus implymg that the local public sector is too small ’ This 
reversal of signs in response to a change in the number of included com¬ 
munities suggests that caution should be exercised in attempting any 
exphcit conclusions regarding the precise manner in which the scale of 
the exisung budget allocation differs from that which would result in a 
Tiebout equihbnum Indeed, the scnsiuvity of these results to the number 
of included commumties suggests the desirabihty of additional work in 
attempting a more prease determination of the geographical extent 
of single-housing markets of the Tiebout vanety. * 


Concluding Remarks 

Given the stature of the Tiebout hypothesis in current discussions of 
allocative efficiency in the local public sector,’ Edcl and Sclar’s insight 
that intcrcomraumry housmg pnee differentials due to local taxes and 
expenditure levels do not prove the existence of a Tiebout equilibrium 
IS especially important It has been the purpose of this paper to take the 
argument one step further to show that an empirical verification of the 

’’ The pnncipal cause of chu change in Mgn u that (dEJdT) u (ignificant in the 53- 
conimunity case but not in the 44-comniunity lample in I960 

* Straizheun (1975) hai made lome progren in thu direcuon 

* It u important to recognize that the eSoency propcruei of the Tiebout reiult u 
devoid of normauve content except when the prevailing dutnbution of income and 
wealth u deemed “just ’’ Itis not surpruuig then that critic* of our system oflocal political 
autonomy would regard favorable arguments concerning the cHicicncy pnqierties of 
Tiebout’s model with suspicion—thinkuq that such arguments aic really Just a iacade 
which protects residents of affluent suburbs from assuming their frill share of metropohtaii 
social and fiscal respontibUiUes 
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Tiebout result is more complicated than has heretofore been acknowledged. 
Finally, it is to be expected that a more definitive answer regarding just 
how closely commiuuties can be expected to approximate the Tiebout 
result will be forthconung when a more elaborate data base containing 
actual sales data and detailed characteristics of individual hotismg units 
and their neighborhoods becomes available. 


Appendix 


TABLE A1 

DeTEBIflNANTI Of RESIDENTIAL PSDPEETY VALUES, 

53 Northeastekn New Jersey Counvuma, I960 


Independent 

Vu'tftbLes 


Eq (2) 

[T] 

Eq (3) 

Eq (4) 

[£-] 

C 9 iistant 

-637 68 

-0 91 

88 75 

10B3 


(-0 287) 

(-1401) 

(0 895) 

(0.601) 

T 

-4,247 78* •• 


78 83*** 

31 10*** 


(-4581) 


(2 657) 

(5 628) 

E. 

34 97*«‘ 

0 0046»«» 


-0 122** 


(4 437) 

(3 459) 


(-2 216) 

Em 

91 46*»* 

0 0|72**» 

-0 299 



(2 992) 

(4 354) 

(-0 426) 


R 

1,734 36»» 





(2 279) 




D 

4 37 





(0 099) 




A 

-78 72 





(-1 465) 




RVALPR 


-0 00022*** 


0 0141*** 



(-4 195) 


(4 944) 

NRVALPR 


-0 00041*** 


0 0135*** 



(-3 691) 


(3 612) 

AIDFP 


00015 

-0 180 




(0 553) 

(-0451) 


PUB 


0 0I78*** 

-0 049 




(2 825) 

C-0 048) 


RVAIPP 



0 0059*** 





(3 559) 


NRVALPP 



00013 





(0 583) 


HS 



1 520** 





(2 038) 


Oh’JV 




-0 655*** 





(-3 807) 

DEN 




-0 0002 





(-0.434) 

X 




0 264** 





(1 942) 

NWK 




-0877 





(-0 078) 

AREA 




-0.687* 





(-1 754) 

SER 

1,801 I 

0 3054 

42 536 

10J18 

Corrected R* 

751 

557 

640 

.643 

df 

46 

46 

45 

43 


Mots —Dtpciuleoi nrisbio 10 bnekra, nmtiMia m pucnibara btlow c»ch oscS&cMBt, SER - 
tUAdiurd error ^ regreaikm 

* •! the 10 level teat) 

** StfikiAcant ot the 05 level (two^atlrd wt) 

*** ScalAcaat M the 01 level (two-taikd tm) 
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Do Import Levies Matter? 
The Case of Sweden 

Gary Sampson 
M<mth UnumtOf 

Alexander Yeats 

Viitti Natmi on Tradt and DatlopmaU 


I. Introduction 

In recent years considerable attention has been devoted to the evaluation 
of effective protection afforded by national tariff structures The concept 
of effective protection is based on the notion that protection of value added, 
rather than the duty on the product itself, is the primary concern of 
domestic producers ' It is argued that, m addition to the tanff on the final 
product, the influence of duties imposed on raw materials and mter- 
mediate goods must also be considered Increasing the duties on material 
inputs will, atem panbus, reduce the degree of cffecuvc protection enjoyed 
by a product through the increased cost of producing it. 

With few exceptions, previous cmpincal studies which have attempted 
to evaluate the magnitude of effective protection have concentrated on 
tariffs.^ In part, this may be due to difificulues in deriving empirical 
measures showing the importance of nontanff barriers (NTBs), or to the 
assumption that their effect, relative to tanfi^ was small. As this paper 
will demonstrate, neglect of NTBs may have invalidated, or gready 
weakened, the conclusions of some previous studies. 

This paper concentrates on the incidence, and frequency of use, of one 
such nontanff restraint, variable levies ^ Levies were studied because dicy 


The authors would like U> thank Mia Eiue Dahy for programnung awtanre and 
Prof Odd Gulbrandsen for cominena and suggestions The views espscssed in this paper 
do not ncccnanly reflect those of the authors' insututions. 

‘ The discuaion in this paper assumes that the reader is fonuUar with the theory of 
efiecuve protectioo For basic re fe r e n c es, see Balarn (1965) and Corden (1966). 

* An important exoeptkist u Baldwin (1970) Abo, the inde resinctive eSects of nans- 
port costs and U.S lariffe are cotnpared in Wsteis (1970) 

* Eaenually, variable levies are bed charges on troporn which are frequently adjusted 
to maintam equality betwe e n domesoc and world prices This method ct internal price 
support has been applied since the end of the Second Wosld War by countries as 

tf voL S4, no. 4. pt. 11 
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arc used by most European countnes yet have received little formal 
attention. An additional factor is that their application is particularly 
heavy on products of importance to developing countries; however, they 
also cover items which constitute a high percentage of developed-country 
exports.^ 

Since there are no previous empirical analyses of the effective protection 
afforded by levies, it is felt that such a study would be of special interest 
m the current round of trade negotiations being conducted under the 
auspices of the General Agreement on Tariffs and Trade (GATT). This 
analysis will show that the trade-distorting effect of variable levies should 
be a major consideration for all participants Sweden has been chosen to 
demonstrate this point since it is frequently cited (erroneously) as having 
a low protectionist profile ’ However, it will be shown that these con¬ 
clusions also apply to the European Economic Community 


n. The Frequency and Incidence of Swedish Levies 

To evaluate the frequency and distribution of variable levies in Sweden, 
special GATT-UNCTAD (U N Conliircncc on Trade and Development) 
trade tapes were employed Since these computerized files contain codes 
for those tariff line items (i e , the narrow product groups used for assessing 
imjiort duties) which are covered by levies, it was possible to tabulate the 
number of products and the value of imports covered by these charges 
Table 1 presents this mformauon for one- and two-digit Standard Inter¬ 
national Trade Classification (SITC) groups For comparative purposes, 
the average tariff rate and average ad valorem equivalent of the vanable 
levies applied to each product group are also given * 

As mdicated in table 1, vanable levies are most frequently applied to 
imports falling in SITC 4 (animal and vegetable oils) and SITC 0 (food 
and hve animals) Some indication as to the importance of these special 
charges for the LDCs can be denved from the fact that over 40 percent 
of their total nonpetrolcum exports fell in the latter group and close to 


Austria, Denmark, Finland, Sweden, Switzerland, and the Umted Kingdom In par¬ 
ticular, variable leviei form the comentone of the Common Agricultural Policy (CAP) 
of the European Economic Community For a disciuuon of how tbu lyatem function*, 
lee UNCTAD (1973). 

* Out of the 127 product* covered in the UNCTAD inventory of nontanif bamen, 
41 are exported by, or arc of potential export mtcreit to, LDG*. A nirvcy we conducted 
revealed that over SO percent of theie item* arc subject to levies m one or more European 
nations 

’ See, e.g , Balaisa (1968) and Healey (1972). 

* The ad valorem equivalents of the variable levies are for 1969 and were taken from 
GATT (1971) In some cases, the ad valorem equivalent* abo include the uifluence of the 
Swedish “taxes compematoir ” While the variable levies may be changed frequently, 
additional data on Swedish mtervenoon prices pubtisbed in OECD (1974) indicate that 
the 1969 ad valorem rates are representative of their longer-term leveb. 
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50 percent fell in both groups combined^ ^ Variable levies are applied with 
high frequency in the important meat products group, where 95 percent 
of imports, measured by value, and approximately 80 percent of the tariff 
line items are covered However, import coverage is highest in SITC 02 
(dairy products and eggs), where all of the tariff line items must enter 
under levies 

Perhaps the most striking feature to emerge from table 1 concerns the 
relative height of the average nominal tariff and average ad valorem 
equivalent of the variable levies. In SITC 0, for example, the average 
nominal tariff of 3 6 percent is coupled with a levy of more than 10 twus 
this figfure * In SITC 4, tariffs emerge as being almost negligible, but 
levies average close to a rate of 80 percent. In summary, the protectionist 
picture for these products is completely different from that which would 
be derived from an analysis of nominal tariffs alone.® 


m. Effective Protection for Selected Induatries 

While the previous analysis provides an overview of the coverage and 
importance of vanablc levies in the structure of Swedish protection, it tells 
httle about the way in which these special charges affect the position of 
individual industnes Spcafically, what is needed is information on how 
the levies influence the effective rate of protection for different products * ° 
To investigate this question, we compiled a list of products for further 
study For inclusion, a product had to be either an important export 
item for a number of LDCs or judged to have the potential to achieve 
such a posiuon of importance if significant trade barriers were relaxed ‘ ‘ 


These itcnu are aho important for developed countries, as approximately 20 percent 
of OEGD<ountry exports fall into these SITC groups 

' Gulbrandien and Lindbeck (1973) estimate that in 1967 Swedish protection raised 
agricultural pnees 00 percent above world Icveb 'fhu figure is somewhat higher than we 
can account for by tanfis and levies (a combined rate of just over 40 percent m SITC 0) 
and indicates there are other important NTBs restneung trade in these items 

* Aside fiom the high ad valorem incidence on imports, an UNCTAD (1973) study 
shows that the levy system may restrict trade in other ways For example, exporters of 
products subject to vanablc levies might be adversely affected by the general uncertamty 
which the system creates Frequent changes in the levies may cause diSculnes for ex- 
porteis in csilculatiiig market pnees, infomucion about changes in levy rates may not be 
available promptly, smd, as in the case of the EEC, different interpretations of the extstuig 
regulations m member countnes as to thr raw material content of certiun goods might 
create unexpected proUems. 

The formula for calculating the eflective rate of protection of industry j from both 
tanfSi and levies >* 

_ (7r + £j) - £>-1 “lAT, + L,) ^ 

1 ~ 3Ei»i 

where Tj and Lj show the nominal rate of tariifr and levies on the end product, T, and Z, 
show similar udbrmation for the mputt, and approxunatei the fi^tiade share of 
input t m the production ofj. 

“ Products in this latter category were identified through use of a multiple-fegressiao 
model which asrociated skin and other production sequiremenis with availability of these 
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a tentative lut wai completed, data were gathered on input co¬ 
efficients for each production process. Here, pntnaiy reliance was placed 
on information contained in the 1963 United States mput-output toble 
and sinular data drawn from Benelux sources.** In addition, extensive 
use was also made of production coefficients supplied by FAO experts 
and information published by UNIDO (1971) To complete the data 
base, tanff information was taken from computerized files available at 
UNCTAD and GATT The ad valorem equivalents of the levies were 
gathered from GATT documents While some deletions were necessary 
where data could not be secured, these sources did provide sufficient 
information to estimate effective protection rates for 35 key products or 
product groups 

Table 2 summarizes the estimates of effective protection for these 
products and shows the weighted nominal rate (tariffs and levies) applied 
to inputs and the final product. To assist m evaluating these results, 
effective protecuon estimates derived separately from tanffs and levies 
are given, as well as those from their combined effects Finally, the table 
shows the average nominal and effective rates for these products 

The primary point that emerges from these results is that estimation of 
effective protection using tanff data alone would give an erroneous picture 
of the Uvtl of Swedish protecuon for these items Thu point seems to have 
been missed m several previous analyses ofSwcdcn’s effccuvc protecuon.* * 
For example, meat and dairy products both have a slightly negauve effec¬ 
tive tanff rate, but the cffecuve protecuon from tanffs and levies ranges 
upward to several hundred picrccnt for these items The most extreme 
cases occur for vegetable oil products, where low value added in procesdng 
coupled with high ad valorem equivalents (35 to over 100 percent) for 
levies sends effective protection to astronomical levels 

While the previoiu analysu demonstrates that examinauon of nominal 
or effective tanffs rrusrepresents the Uotl of protecuon for these industnes, 
a quesuon of equal importance frequently concerns the dutnbutwn of 
protecuon across industnes The level of protecuon reveals the degree to 


facton in developing countna For full details, see UNCTAD (1970) and GATT (1973). 
Even with the subitanaal tanff and nontanff barriers, the 35 selected products (table 2) 
accounted for 10 percent of Swedi^ nonfucl imports from LDQi 

■ 1 Recent studies have shown that cffecuve rate cautnates should be regarded with 
caution due to problems associated with inaccurate input coefficients For example, 
Ycau (in press) has demoostrated that effecuve protecuon eaumaiea may be conuderably 
in error when producuon informauon pertaining to a prevnoui penod u used. Also, 
Sampaon (1974) has shown that (he error in input coefitaents associated with subsutuuon 
among facton vS production may be significant 

1 * Po,* exan^sle, an analysis of Sweden's post—Kennedy Round tanff rates est i m ates 
zero eflcctive protection for meat products, groundnut oil, coconut od, and palm kemd 
oil when the actual rates, due to the imposiuon of levies on these products, were several 
hundred percent. In other instances (fish, fruits and vegetables, etc.) levies on basic 
inputs reduced the elfcctive protection below the rale shown (sec UNCTAD 1968) A 
Similar ommiisioo is made m Bahaa (1968) 
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the EEC levies was only about 10 percent lower than that for Sweden.* * 
These findings suggest that, given their fi^uency and inadence, con¬ 
siderable attention should be directed toward levies in the current 
GATT trade negotiations * * 

Finally, these results have implications for the direction of future 
research aimed at estimation of restrictions to international trade. Since 
tariffs may now consutute a relatively minor barrier m some countries 
(such as Sweden), it seems crucial that future research be expanded to 
account for the mfluence on nontanff measures. As this analysis has 
demonstrated, exclusion of the latter may misrepresent a coimtry’s true 
protectiomst profile. 
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Money, Interest, and Prices in Market 
Disequilibrium; A Comment 

George H. Blackford 

Stati Unamntf qf Stw York CoUigt at Btgalt 


In a recent article in this journal, Hcrachcl Grossman (1971) has extended 
Robert Glower’s (1965) dual decision hypothesis to the case of multi- 
market disequilibrium in an attempt to provide a choice-theoretic 
analysis of the disequihbnum behavior of prices and mterest. Two 
comments are in order regarding this article 

First, Grossman (1971, pp 943, 960) claims too much when he argues 
that his extension of Glower’s dual decision hypothesis provides a choice- 
theoretic foundation for Don Patinkin’s (1952) concept of s|Milover 
effects. In spite of the asseitions “this maximizauon calculus yields . . .’’ 
(Grossman, 1971, p 949) and “he will maximize his objective funcuon.. 
as follows . ,’’ (p 950) made in specifying equations (5) and (6) of his 
model, these two equations are not behavioral rclauonships imphed by a 
theory of choice They simply define the spillover coefficients a, and 
in terms of effecuve and nouonal demands of his analysis. 

Second, Grossmm’s (p 951) discussion of the effecUve excess demand 
for money in his model is inconsistent with the fundamental assumption 
upon which his model is based Grossman is most exphcit on this as- 
sumpUon “The model assumes that the individual always demands .. 
the quantity which, given his perceived constramts in other markets, he 
calculates to be opUmal, although this opUmal quantity may exceed fais 
perceived constraints in its own market" (1971, p 951) 

In the paragraph immediately foUowing this statement, however, this 
statement is ignored: “Finally, in this type of model, as Leijonhufimd 
(1968, p. 88) has pointed out, the specification of the effective excess 
demand for money is ambiguous. The effective dcmsmds for bonds and 
commodities, by the budget constraint, imply an effective demand for 
money equal to - (6j + y]) This implied effecuve dcmuid can be equal 
to — (6J + j//) ifyi Ji, or to —(4, -4 J'j) if 4) = t„ or to neither of 
these. However, m any case, this implied effecuve demand in general 
will differ from both a] (^„ 4',), given by equauon (6.1), and (jrJ, 4i), 
given by equation (6.2), and the latter two values wiH also, m general, 
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be diflereot.”' (Onmman 1971, p. 95J). The aihged •mUguity of the 
effective exeen demand for money and the ooofititoo (%Iayed in this 
paragraph are purely a Aincdon of GraHman’i iaooaauteacy. If Gnu- 
man’s ftindamental assumption is aj^ed in spedfyiqg the effective 
excess demand for money in bia model, the individual’s eAecdve excess 
demand for money is given (in Grossman’s notation) by R| when he 
perceives no bond or commodity market constraints on his behavior, by 
n'l b',] when he perceives a constraint m the commodity market but 
not the bond market, by nj (y^ B,) when he perceives a constraint in the 
bond market but not the commodity market, and by —{J, + B,) when 
he perceives a constraint in both the bond and commodity markets.^ 
Each of these effective excess demands is the effective excess demand for 
money in its respective equihbnum or disequilibrium situation, because 
each u implied by the same set of assumptions that imply the other ^ective excess 
demands in Grossman's model 
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/W'fr/l/iflB. Avlo-Auitnan tfegohetiom, 1860-1870 By Kaw. F. 
Toronto and Buffalo. Unjvemty of Toronto Pteai, 1973 Pp. vii+ 152. 

pon^U are infuriated or mtngued, according to their tempcramenU. by the 
fact that governmcnu cntrufted with tanlT policy penirt in viewing tbar own 
tariff cuu at a loM and thou of their opponent! (i e., partnen) at a gam. Thu view 
of trade policy make* unff negotiation! akin to duarmament ulki, m which the 
protagonittt confront one another, each demanding that hit opponent rehoqutah 
what he it most imprettcd by in the latter*! armory, each anxious to preserve idiat 
he most prizes m hit own arsenal Negotiations can only be sticcctaful if opiniont 
differ on both tides at to what constitutes each negotiator's principal source of 
strength. With such a comcidence of mutually compatible delusions, each party 
can convmce itself that it has given up less than it has obtamed m the course of the 
confrontation. On the other hand, if each tide clear-sightedly wants the other to 
relmquish what he most desires to retain, the prospects for duarmament, tanff or 
otherwise, are dim .Since in trade matters goveminents tend to protect precisely 
those industries which shout the loudest that they are about to succumb to import 
competition and wield the heaviest pohtical clout because of their size, and since 
these industnet’ markets rqiresent the largest and most desirable negotiating 
objectives of foreign governments in the event of a trade negotiation, trade talks 
tend to avoid the areas where real gams from specialization and trade could be 
made and to concentrate on “negotiable” issues, namely, those about wduch 
neither side feels very strongly Thu u what I should like to call the most-tnvial- 
issue principle, upon which much commercial diplomacy a based. 

Profesior Karl F. Helleincr has written with loving care of the commercial 
negouations between Britain and Austria which began in I860 and, after 10 years 
of labor, gave birth to a mouse of an agreement 

The book starts with the British overtures in 1860 aimed at reducing an ex¬ 
orbitant Austrian export duty on rags and ends with the modest reduction m 
1869 of the Austrian import duty on cottons and woolens—a r laatical example of 
the most-trivial-issuc principle outlmcd above. In between these dates Bntain 
made a dogged effort to negotiate a commercial treaty with Austria on the free- 
trade, most-favored-nation model which had just been successfully concluded 
with Napoleon III. These efforts were temporarily rewarded in 1865 with an 
agreement which reduced Austrian tariffii across the board in exchange for accea 
to the British market on the same terras as those accorded to France, with an 
added sweetener in the form of lighter fiscal duuet on bottled wine Scaredy was 
the ink dry on thu agreement, however, than the Austro-PrussiaD War of 1866 
broke out. In the ensuing renegotiation of Austria's rdauonship with Pruasia and 
the ZoUveretn, the Austrian tariff reductions specified in the Austro-Bnuih oom- 
meraal treaty of 1865 were postponed on the grounds that Austria could not 
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n^tiate with the ZoUverein (which ihe had wanted to Join on her own protec¬ 
tionist terms for years) shorn of all her n^otiable tariffi. 

N^tiations on the apphcation of the 1865 treaty resumed in 1867 and dragged 
on until the end of 1869, by which time the British negotiators gave up all hope of 
getting anything more out of the Austrians than the latter had already given to the 
French and to the Germans, for, as Helleiner pomts out, the British had, in the 
meantime, given away most of their bargaining counters by moving to free trade 
unilaterally. Thus did Austria successfully thwart Britain's efforts to drag it into 
the free-trade camp. It is just one of the ironies of history that barely a century 
later the free-trade shoe was on the other foot, and Austria, m company with the 
other neutral countnes of Europe, succeeded in draggmg a reluctant Britam into 
the European Free Trade Assocution. 

The study reimnds us that the British government of the period took an econo¬ 
mist's view of trade policy and preached “the glad tidings of Free Trade to the 
children of Protectionist darkness,** as Helleiner puts it so nicely. They were 
confident that, once the Continental powers had understood the free-trade argu¬ 
ment, they would embrace it umlaterally In this they were doomed to disappomt- 
ment, for the very same political forces which in Britain had led to the country*s 
conversion to free trade, on the ConUnent reinforced the tradiuonal forces of 
protection. 'Dierc were good political reasons for Britain*i missionary zeal once 
the landed gentry and aristocracy had been compensated for their loss of agricul¬ 
tural protection due to the repeal of the Com Laws in 1846 with the challenging 
job opportunities offered by an expanding empire, there were virtually no forces 
of protecuon to contend with in Britain British mdustry feared no inroads by 
foreigners in its own home market and was m fact eager to meet such competition 
as there was head on in foreign markets—provided the government could negotiate 
suitable tanflf terms of entry It thus made good political sense for the British 
government to attempt to spread the free-trade gospel, just as it made good sense 
for the United States to promote freer trade after World War II, and it is only 
logical that Japan should today be playmg godparent to the current round of 
trade negotiations in GATT (What will happen when there is no one left to pick 
up the torch but Hong Kong is only too predictable.) 

What was far harder to accomplish, and ultimately proved impossible, was to 
convince the children of protectionist darkness that what was good for Britain in 
1860 (or the United States m 1945, or Japan in 1975) was good for them, too. 
Even if they could be intellectually convinced of the argument that they would be 
better oflf if they got nd of their more inefficient mdustnes, they could not over¬ 
come the pohtical opposition of the nascent manufactunng class, fearful of British 
competition, convinced of its merit, and increasingly powerful in political terms. 

Thus, the rise of the bourgeoisie in nineteenth-century Europe gave strength to 
free-trade forces in Bntam and nurtured protectionist forces elsewhere, and 
Helleiner notes sadly that “it was experiments with parliamentary institutions that 
created the most serious obstacles for a policy of economic liberalism in Austria.*’ 
This u indeed a damning and thought-[»ovoking comment. Are parliamentary 
democracy and economic bberaltsm really so incompatible? Is this the reason 
why parliamentary democraaes to this day take a mercaatilistic view of trade 
negotiations? What consututional changes could be advocated which would limit 
the power of vested industrial interesU and enhance tboie of the consuming and 
voting population ? 

It IS a sobering thought that, although the subject matter of the book is over 
100 years old, it abounds in revealing parallels with contemporary trade policy 
issues. Hdleiner's scholarly investigation is full of new materisd bas^ on hitherto 
uiqpubiisbed Bntish and Austrian sources and is organised into seven brief and 
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rckdAble duptm. Studentf of trade policy and economic histmy will remain in 
Helleiiier*! debt for the light he throwi on thu httle-known but innmctivc epiiode 
in nineteenth'Century commercial diplomacy. 


InsMut Vnwersttam d’Etudes Eunpimtes, 
Center for Edsiealion tit International Management, 
Genena Unaersttji 


Victoria Curzon 


TVedr Instahdt^ and Eeonomte Deodopment An Entptneal Sbufy. By Odin Knuimem 
and Andrew Parmei 

Lexington, Mam.* D. C Heath & Co., 1975. Pp. x+ 143. 

Ever iince Coppock'i major atatiitical attack on international economic io- 
ftability, there hu been a growing literature on the meaxurcment, cauiei, and 
coniequencei of export iiutability, wnth tpecial reference to the leas-dcvcloped 
countne*. The book under review m the lateit addiuon to the htcrature. The 
iMuet oonaidered in the hterature are whether there has been a higher degree of 
export initabiUty for leia-developed countries than for develo]^ countries; 
wither the trade in primary commodities has been more unstable than that in 
manufactures; the relauon between instabihty m export earnings on the one hand 
and price and qusuiuty fluctuations on the other, the role of disturbances on the 
demand side and on the supply side, bow far export instability has been due to 
such factors as the proportion of primary products m a country’s expons and the 
commodity composition and geographic distnbuuon of its exports; and whether 
a high degree of export instability has had adverse effects on a country’s invest* 
ment, rate of growth, and overall stability. This hterature is briefly reviewed m 
the hrst quarter of the book. So far, the conclusions have been coafunng and 
contradictory, and there has been a need for some tunc for a definitive treatment 
of the data and the analysis, but it u not to be found m the present book. 

The way the game is played is for each writer to mveni a new measure of export 
uistabdity, apply it to a group of countries for which data are conveniently 
available to him, fit a senes of regression equations, and announce his results. 
The present book is no exception, m fact, it u based on two new approaches to 
the measurement of aqiort instability The first measure is presented m chapters 
4-6, the novelty being that an index is calculated for the trade of each country 
with h of Its trading partners for the penod 1954-67, Analysis-of-covanance 
methods are then used to test whether the ratio of conected mean squares of these 
indices between countnes to that within countnes a statisucally significant, it a 
then found that “the choice of trading partners has an important influence on the 
level of instabiiity’’ and that “by not accounting for these country*<peci& effects, 
previous studies have overlooked an important factor m explaining variaticas m 
eiqiort instsdubty among nations” (p 129} However, it must be said that thu 
approach and tluit of earher writers sukhcas thenuclvcs to different questioos. By 
starting from the trade with individual partners, this approach lesuls to a different 
concept of insubdity, one wboae link with total export mstabihty considered by 
earher nvntert u not made dear. In some applications, the authors have gone 
some way towsdd tius by classiiyuig their indices by countries of oogm or of 
destinatioii and regresung on a number of vsuiables such as co mm odity cod- 
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peKenti«e of food exporti, poveattga et nw rntteUi eqMirti. 
vohime oToqMrtt, «nd level ofdevelQpiiMat efmdiqf putner. la tUi way, the 
autbon find that export imUbility it ngnificantly incraued by greater conunodity 
by tmaller vohune of cxportt, and by trade with lew-developed 
oountrica. InMdkr as total export instability is ooncemed, the gain it not much. 
As far as their measure of country-specific insUbility is concerned, it might have 
been more useful if the authors had presented their results of d» effect of in¬ 
dividual countries on the export instabihty of the countries fran which they 
import. 

Thar second measure of export instability, presented in chapters 7-9, is based 
on the permanent-income hypothesis of consumption. An adapdve-expectauons 
model u used to separate permanent frmn transitory components of both domestic 
and export inoomet, and the variances of the transitory components arc then used 
as measures of instability. Estimates are derived for 28 less-developed oountnes, 
of which 16 ate from Latm America, surely a rather biased sample. Like other 
measures of instability, the new measure u based on divergences of actual export 
earnings from projected vsJues, in estimations of which the trend of past vsilues 
enters quite significtuitly; it is therefore not suipristng that the new measure is 
quite hig^y correlated with other measures. However, the authors say that “the 
contribution of this approach does not depend on the definition of yet another 
new, more refined inda of instability** (p. 131). Instead, thar mam aim is to 
estimate the eflect of the imcertamty caused by mcome instability on behavior 
affecting econoimc growth. To this aid, they use statisUcal aUmata of the 
marginal propensity to consume out of the permanent components of income, 
derived m the process of separating these components from the transitory com¬ 
ponents Their most mteresting result comes from thar regression of the margmal 
propensities to consume on their indices of instability. They find that, while the 
regression of the miugmal propensity to consume out of permanent domatic 
mcome on instability of domauc income is statistically significant at a 5 percent 
level, the regression of the margiiul propensity to consume out of permanent 
export mcome on instabihty of export income is only significant at the 10 percent 
level. In addition, they regress invatment and the growth rata of total and per 
capita GNP on an average of thar indica of instability of domatic and export 
incoma and find positive regression coefficients. As one of the issua which started 
the whole discussion was whether invatment was related to export instability, the 
authors might have presented thar raults for export instabihty separately. In 
the one owe where they do (p 122 n ) the significance level dechna to 10 percent 
in a one-sided tat, but on the whole the authors stay away from the subject 
with the argument that “aggregate invatment cannot be expliuned by just export 
instabihty or just domatic instabihty “(p. 122). 

On the strength of these results, they come to the conclusion that “instabihty 
doa indeed stimulate oertam economic parameters m a direction predicted by 
the pernument income theory’’ (p. 131). Their argument is that “instability 
reduca the propensity to consume by requiring larga reserva for unexpected or 
temporary declina m income. The higher rate of savings, which results from the 
Iowa propensity to consume, maka possible higha invatment expendttura. 
Invatment, m turn, leads to higha rata of economic growth’’ (pp. 131-32). 
Having lavished so much staustkal effort on just one link in this long cham of 
aigument, they might have spared some attention for some of the otha links, 
for example, by examining whetba reserva did vary m the manna awumed or 
wbetha such changa had the effects postulated. An aspect of the problem ne¬ 
glected by tboe authors and also others who have reached similar conclusions 
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to he fewidma number rfiMlM'r ftiJA Mi.Mn Tki. 

«b»<he V«ttw, ^«*<h farther 

di^ ^W^pflvrth r»t« rfoqwm •■ocUted with h«gh«^^ 

The lo^ of the argument the authon tet out to demotidi is that, if a countTY 
vtem planning itt investment program ti^tly over the medium term, and if it 
reli ed h eaviiy on export eanungi to finance the fixngn e«rh««y . coats of its 
investment program, then this ptognun would be disrupted by export instability 
with advene consequences on iu economic growth. This, at was the bsns 
of the UK>Swedish proposal to UNCTAD I for Supfdemestary Fmandal 
Measures. If the object of the exercise was to challenge this lope, perhaps it 
might have been more usefiil to study the planning processes in individual 
countnes m more detail than to engage m such contorted statistical on 

data from a motley sample of countnes. 

R. M. Stmoauss 

AustMlian Natumal Umetrnfy 


Classical Eeonomes lUctnitAertd. By Thomas Sowell 
Princeton, N J.: Princeton Umvenity Prm, 1974. Pp 152. 


Thu book u one of three that have appeared within the last year or so on the same 
topic The other works are in the nature of a technical monogra)^ (R. V. Eagiy, 
Th* Structure <if Classtcal Economic Theory [1974]) and a general textbook (D. P 
O’Bnen, The CUsstcal Econotrasls [1975)) There are no mdicaoont m the present 
work regarding intended readership. 

We consider first the scope of the book The Keynesum and Marxian defiaiuoas 
of “dassical" economics arc rejected as “tendentious," “egocentne," and “idio¬ 
syncratic.” In their place we read at ihe outset (pp 4-8) of a tradition es t abl i s h ed 
in the Wealth <f Nations and lasting unttl the margmalut revolution of the 1870s. 
The major contributors ate Ricardo and the younger Mill as well as Smith and, 
in the second rank, McCulloch and James MiU There were also those who 
“contributed key concepts to classical economics without shanng all lU methods 
and conclusions” (such as J B. Say, Malihus, West) and those who were “dassicaJ 
in some respects but not in others” (Torrens, Semor, Marx) It would appear 
therefore to be the author’s view that there eiuted a “small solid core” shanng a 
common set of philosophical presuRXwitions and common methods and conclu¬ 
sions relating to matters of subsuntive economic analysu The major propositxxis 
listed include the labor theory of value. Say’s Law, the Malthusian population 
theory, and the quantity theory of roonev, while throughout (pp. SS, 74) it u 
^pK»..v»d that the onenution of the classicals in their theoretical and policy 
wntingi was toward the issue of economic growth Professor Sowell descnbesni« 
eflcctiveiy some of the features common to the group in hu discussions of IM 
breakaway by Smith from mercanuhst conceptions relating to the nature of 
wealth, intemationai commcraal relations, and the scope of the “nation (pp. 


8fr 54) 

Yet for all that the general impreiMon left by the work at a whole is one of much 
less cohcretsce than implied above. This is true of many of ^ banc 

To define a clear-cut “classical” view of Say’s Law turns out to be all 
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butimpoMible. Mott itaAiagof«lli« the eoatrutbetweai&idtliiaa and Ricardiaa 
method which em er gee in the final chapter on methodo lo gy. Snith’i appraadi ii 
repreiented as “eclectic,” entailing an intermingling of "the enqdrioal, the 
theoretical, the institutional, the philosophical , the static and the dynamic.” With 
Ricardo, we are told, “econonucs took a msuor stq> toanud abstract models, rigid 
and artificial ddinitions, syllogistic reaso nin g—and the direct application of the 
results to pcdicy. The historical, the institutional, and the eminncal laded into the 
background, and exphat social philosophy shrank to a few passing remarks. 
Comparative statics became the dominant—though usually implicit—approach" 
(pp. 113-14]. Reference u made (p. 121) to clamcsl economics in its “oootem* 
porary Ricardian form,” and in fact the final cluster is almost entirety devoted 
to contemporary and subsequent cntictims of Ricardo and "the Ricardians,” 
with very great weight ptac^ on Schumpeter’s charge relating to the so-called 
Ricardian Vice (pp 122, 135-36, 146-47). On the author's own reading of the 
record, therefore, there were profound modificauons mtroduoed into political 
economy in 1817. We are obliged to raise the question whether any good purpose 
u served by thinkmg in terms of a common tradition commencing m 1776 and 
lasting for approximately 100 years ddineated by the term “classical” econoinics. 

We turn nov< to the substance of the argument. In the first chapter (“Social 
Philosophy”), a number of interpretations of the “classics'* are turned dovm in 
rather spirited terms. Attention is paid in piuticular to the contention that they 
were apologetic defenders of the status quo, that they beheved m a harmony of 
class interests, and even that they were motivated by personal mterest (pp. 8 ff., 
17, 26 If) I am totally m sympathy with Profeaor Sowell's position as far as con¬ 
cerns Smith, Ricardo, Mill, and others to whose defense he comes. Nonetheless, it 
seems unnecessary to fight the battle with such energy. One still meets occasionally 
the distorted picture of a group of hard-hearted gnnden of the facet of the poor, 
but surely the air has been sufiiciently cleared—^for example, by Lord Robfons’s 
Themy of Ecommac Poligi. Thu impression may reflect wishful thinking, but the 
author gives not a single reference to the secondary hterature to demonstrate the 
need for a new refutation. 

The core of the work as far as concerns analytical matters is contained in two 
chapters entitled “Macroccononucs’’ and “Microeconomics,’' respectively. It u 
not certam whether much u gamed by thu particular division of the materials 
which reflects our modem tastes To some extent there is a net loss in comprehen¬ 
sion. It IS, for example, diflScult to appreciate fully the discussion of lumts to 
growth treated in the first of the two chapters without taking into account the 
effect of accumulation upon the profit rate in ctmaequence of diminishing agricul¬ 
tural returns, a matter considered only in the second chapter. The discussion of the 
Malthusian population theory m a chapter on microeconomics also seems poorly 
placed. 

There u much that is valuable m the smalytical sections. Their merit lies in an 
attempt to spell out the ambiguities of various key theoretical cooceptions, to fit 
the argumentation into a smtable frame of re fere nce reflecting contemporary pre¬ 
occupations, and to demonsttate how oonfusion was sown by terminological and 
methodological differences between disputants—and above all by RJcaido’s 
ascriptions to his opponenu of bis own, largely comparativeotatics apiaoach. 

Sowell’s discussion of Say’s Law, which consututes the essence of the first of the 
two theoretical chapters, is particularly worthwhile. As in hu well-known •Sgy'r 
Law: An HtOoneal Antfysu (1972), the author takes issue with those who bebeve 
that the great oontroversy turned iqwn the question of secular stagnation. Both 
the general-glut and the orthodox coonomistt, be insists, aocqited that diere were 
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DO pennasent or aecular growth conitraiati, and the debate turned entirely upon 
the potaifaility oTihort-nin eicceM wpply. Ttuii while Malthof, tor emnpJe, main* 
tained that increment* of laving (mveitaient) might fail to yield an adequate 
return and would be followed by lubiequent diainvettment, the Ricarcban* in- 
’ lilted that there wa* no inch thing a* an equihbniim level of aggregate mitput 
(pp,42ff.). 

Sowell'i pontion i* a little difiicult to graip in the light of a nmunary itateroent 
to the effect that “Say** Law antwered thoie who feared that economic growth 
bad reached, or wai approaching, lome ultimate limit to what the economy could 
prohtably abiorb" (p. 72). Since he doct not here have id mind the diMenten from 
Say'* Law it would have been mod deairablc to give the reader lome idea of the 
idmuty of thoae concemporanet who did fear lecular stagnation. Second, Maltbiw 
et al., on SoweU’i own showing (pp. 50-51, 72), recognized that further advance 
beyond the ihort-mn limit to luitainable invatment lunged upon technological 
innovaboos, but little 1 * laid about the pitnpecu for nich improvcmeiu m their 
wntingi. We are told alio that J. S. Mill developed a pontion on ovenaving umilar 
to that of Malthut, Lauderdale, and Chalmers (pp 50, 70), but full justice u not 
done to Mill, since the queation of the eficct* of accumulauon on the profit rate by 
way of the rising cost of wage good*, whidi played a large part m his work, is not 
in the present context but, as already noted, m the chapter on micro- 

theory. 

A most important feature of the discussion is the emphasis upon Say's converuon 
in the fifth edition of the TratU (1826) regarding the possibility of short-run limit* 
to production and hi* acceptance of Sismondi’s particular version of aggregate 
output equilibnum. The recantation, Sowell obswei, “made no impreaion on 
the British classical school” (p 48) and has been neglected by modem commen- 


Utors. 

Sowell insists that none of the major general-glut economist* based his position 
on leakages from the income flow (p 45) But although this is a common view, it 
probably requires some modification Say himself on at least one occasion recog¬ 
nized deficient money demand as a cause of contemporary depression. (A famous 
footnote to tha effect in Say’s Letters to Mr Malthus [1821] is mentioned no lew 
than four tunes in Sowell’s book [pp 50,56,61.65]) Now while Ricaido object^ 
that Say “concedes too much,” Malthus himself was delighted obaerviiig that he 
fully concede* all that I contend for” (Sraffa 1951-73. 8 260, 267} There « at 
least an element in Mallhus’a position m his debate vath Ricardo turning upon 

the possibiliry of leakages. ^ 

As^tioiied earlier, the labor theory is listed among the major pmposioons of 
M.M.r.1 economics at the outset of the book But we read, m the chapiw on mic^ 
economic*, that “the substantive theone* of [the classical] sys^ can te 

.trailed Ubor dieory of value” (p. 75). and m the final chapter 
“for all the controversy generated by the ’labor ihcory of vsJue it 
to classical valuTtlS' • ■ ” (p 110) There is no doubt that Ricmido, for^ 
recognized numerous qualification* to the labor thcor> 

that he used the theory connstently (md^ more so 
the fim ediuon othsoPnoafUs) m the 

to resute hu eondiisioos m other terms, but the flaw o 

m co n seq u ence- Sowell seem* here to have neglected one of hi* own rule* of desur 

able pn^uie. _ what u now the standard view of Ricaid- 

The chapter t» microeconomics give* what u now me siani^ . 
um profit tb^, lumcly, that veremn which run, m «crm* of Ac 
based upon the MalAusian popuUiioo pnnaple, combined wiA the 
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diminiihing agrindtunl retunu. The nodon of pnfitHWte dediae if praeated 
not merely u tn analytical but abo at an hbtoricid {nopodtion (pp. 83^). 

Thiiif a work which can be warmly recommended to the lerioui student. But it 
would have been even more useful as a text had the author allowed himself con< 
liderably more space to a^umd his positicn and relate it to the vohiminous 
seconds^ literature which now exists. 

Sauubl HOLLANDia 


Umvtrnijt >)f Toronto 


Refhsunce 

Sraffa, P., ed. Works mud Com^outUnct tf Dotid Sttardo. 11 vols. Cambridge; 
Cambridge Umv. PreM, 1951-73. 



The Cobb-Douglas Production Function 
Once Again: Its History, Its Testing, 
and Some New Empirical Values 


Paul H. Douglas 

WashnglM, D C 


EnrroM' Note —Wc arc pleased to have been offered, and to offer the 
readers of the Journal, this account of the early development of empirical 
work on the Cobb-E>ouglas function by its coinventor and pioneer 
economic inv«tigator, Paul H Douglas 

RMcarch into the production function has a long history. Since the first 
work, in 1928, many studies have tended to support the hypothesis that 
production processes are well described by a linear homogeneous function 
with M elaiucity of substitution of one between factors New results are 
presented here, using 7 years of observations on Australian manufactur¬ 
ing industnet during the 1950s and 1960s In all seven cases, constant 
returns to scale arc very closely approximaied, and the coefficient for 
labor hovers near 0 6 The appropriate coincidence of the estimated 
coefficients with the shares received strengthens the competitive theory 
of distribution 


This paper is an effort to continue and extend earlier studies of the 
production function that were first begun nearly a half century ago. For 
It was in 1927 that I computed the index numbers of the toul number 
of manual workers (L) employed in .American manufacturing by years 
from 1899 to 1922, did the same for fixed capital (C), expressed these in 
logarithmic terras on a chan, and then added the index for physical 

Work on the pioduetioQ funcuon wst earned on by s large number^ pen^ who 
deserve to be credited ss cosuthon Formiosl among ihrir i» Grace Gunn who pa^ 
UCiptied. over a penod ofW yean, in no le« than ihiee srparate phasn of^ wort 
Mary Hook helped in ihe Uler suges and Swnley Horowitt and (^opher^ in^ 
final prepantton of this amcle I am indebted lo ail of them and many oiben for tflw 
help Othen sAo helped m the producuon were Maijone Handsaker, Martin BeonlcB- 
brenner, and Patncia Daly 

«f Bmtmy, l»7». val 84, oo 5) 
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production (P) in manufacturing.* 1 found the curve for product to lie, 
in general, approximately one-quarter of the distance betwcMt^'i^e curve 
for labor, which had increased the least (to 162), and th»49tfVb^t»pital, 
which had increased the most (to 431). Tlie year 1889 was tal^ltip 100. 
I was then temporarily lecturing at Amherst College, and consulted with 
my friend and colleague, Charles W. Cobb, a mathematician. At the 
latter’s suggestion, the formula P = bL^C^~* was adopted, a form that 
had also been used by Wicksteed and WickscU This, following Euler, was 
a simple homogeneous function of the first degree. After finding the 
value of k by the method of least squares to be .75, we found that 
the estimated values of P closely approximated the actual values for the 
23-year period—with such differences as occurred being due primarily 
to the business cycle (Cobb and Douglas 1928, pp. 139-65) The National 
Bureau of Economic Research had found that the average share of 
products going to labor during the decade 1909-18 was 74 1 percent,* 
or an almost precise agreement with the values of the production function 
I felt, therefore, that the marginal productivity theory of wages had 
received a substantial degree of confirmation. 

Later studies by Cobb for Massachusetts, 1890-1928 (Cobb 1930), 
and by Director for New South Wales, 1901-27 (unpubhshed), gave 
values which were identical in the case of Massachusetts {k =• 743) and 
similar in the case of New South Wales (k = 65) 

We made one more study of a time scries In 1936, in cooperation with 
Mrs Maijone Handsaker, scries of P, L, and C were worked out for the 
years 1907-29 for the state of Victona in Austraha, and the value of k 
was found to be 71 Labor’s share of the product WjP was computed as 
61 for this penod (Handsaker and Douglas 1937 and 1938) 


Research between 1937 and 1947 

With the David Ehirand article (1937) and the commg of Grace Gunn 
to the staff in the same year, several changes were made. First, following 
the suggestion by Durand, the formula P = was changed to 

P = bL*C^, thus making the exponent of C independently determined 
instead of treating it as the residual in a homogeneous hncar equation 
With j independently determined, the production function was no longer 
constrained to be homogeneous of degree 1, but could instead take such 
form as the actual figures might dictate If k -f- ^ = 1,0, the economic 
system was subject to constant returns to scale. Uk + j was greater than 
1.0, then a 1 percent increase in both L and C would be accompanied 
by an increase of more than 1 percent in product, and the system as a 

‘ Thu index bad been developed by E E Day 

‘ See MitcbeU ct al 1922, p 98 
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whole would operate under increasing returns. Ift+j was less than 1.0, 
then the system was characterized by diminishing returns. We corrected 
the tune studies according to the Durand formula and found, interestingly 
enough, that the sum of i + j was very close to the previous assumption 
of unity. The values of i were reduced to close to two-thirds, that is, .65, 
andj to approximately onc-third At the same tunc, the National Bureau 
of Economic Research was revising its previous studies on the distnbudon 
of product in manufacturing and had indcpicndently arrived at approx¬ 
imately 65 percent as labor’s actual share The two independent studies 
of production and of distribution were, therefore, once again in unison. 

The second important change introduced was to substitute cross-section 
studies of separate industry observations for the previous time series. 
The use of time-senes data in computing the production functions earned 
with it a host of technical problems, mainly resulting from the necessity 
of calculating comparable index numbers for capital and for physical 
product; the necessary adjustments were complicated and time con- 
summg and, thus, severely limited the number of yearly observations 
available for estimating the function There was also the possibility that 
the true values of the exponents changed over time 

All this was noted by such critics of the production function analysis as 
Horst Mendcishausen and his mentor, Ragnar Fnsch They urged that 
so few observations were involved that any mathcmabcal relationship 
was purely accidental and not causal They believed sincerely that the 
an 2 dysis should be abandoned and, in the words of Mendershausen, that 
all past work should be torn up and consigned to the wastepiaper basket 
This was also the general sentiment among senior Amcncan economists, 
and nowhere was it held more strongly than among my colleagues at the 
University of Chicago I must admit that I was discouraged by this 
criticism and thought of giving up the effort, but there was something 
which told me that I should hold on Miss Gunn and 1, therefore, deter¬ 
mined instead to broaden the scope of our studies and to take as our 
observauons individual industries within a given economy in a given year 
(Bronfenbrenner and Douglas 1939, Gunn and Douglas 1941, 1942; 
Daly, Olson, and Douglas 1943) This methodolt^ eliminated the 
problem of changes in the production funcuon over umc, but it had to 
assume identical funcuons across industries 

We found a wealth of maicnai The Amcncan census had computed 
data on P, L, and C for 1889, 1899, and every 5 years thereafter Finally 
in 1931 the senes was put to death by an official advisory commission of 
eminent economists and statisticians Not improvement but decapitation 
was their motto. We determined, however, to utilize the existing material 
and worked with several collaborators We also found abundant statistics 
on P, L, smd C in the annual censuses of manufacturing for the vanous 
Australian states and for the commonwealth as a whole. These were 
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TABLE I 

PRODucnoN FuNonoN Bavo on Ammkak CkmStanoii Sivam, 
1904. 1909.1914. 1919 


Volt 

k 

SEoIk 

J 

S&atJ 

* +J 

1904 . . 

.65 

.02 

.31 

.02 

.96 

1909 

63 

02 

.34 

.02 

.97 

1914 

61 

.03 

.37 

.02 

.98 

1919 

76 

.02 

25 

02 

101 

Avenige 

66 

.02 

.32 

.02 

.96 


started by the great Australian statistician G H Kmbbs, who deserves 
to rank with Carroll D Wright and R H. Coats in the front rank of the 
apphed statisticians of the century 

We had time to fimsh only four cross-section American studies (1904, 
1909, 1914, and 1919) involving 1,490 observations when the war 
intervened Gunn then entered the governmental statistical service, I 
enlisted in the marines Articles were published giving the results, but 
in the excitement caused by the war they did not attract much attention 
The results, however, were notable (table 1) 

In the first place it should be noted that the sum of the independently 
computed exponents was very close to unity, averaging 98 or only 
2 percent less than true constant returns The appropriateness of the 
previous k and I — k function was, therefore, reinforced as a first 
approximation 

The relative smallness of the standard errors of estimate gave a further 
corroboration to the equation. The standard errors of both k and j were 
found to be only 02 This was only one thirty-third the exponent of L 
and one-sixteenth the cxpionent of C Another of the cnucisms of Frisch 
and Mcndershausen, therefore, was still further weakened 

Work was stopped for some years because of the war and its afiermath. 
In 1947, however, Gunn and I joined forces again. I had been elected 
president of the American Economic Association and determined to write 
my address on the production function covering both the theory and an 
empirical analysis of the problem. Gunn obtained a leave from the 
government And so, 20 years aficr the initial Cobb-Douglas effort, we 
continued on our course. More crcus-section studies, both for the United 
States and especially for Australia, were launched The years 1889 and 
1899 with 695 observations in all were added in the American study, 
making with the prc>1942 analysis a total based on 2,185 industry 
observations The values of k for 1889 and 1899 were .51 and .62 and for j 
.43 and .33. The sum of the exponentt was, therefore, .94 and .95. Since 
the probable errors for k were .03 and .02, and for j were the tame, the 
results strongly indicated at least an approach to true constant retunu 
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TABLE 2 


VtumtonoK Fimonow mm Autsaim, 
Siuoixo FacAt Yeau 


Craw-Section Studies 
and Fiscal Year 

Obrarvatioot 

<1V) 

Values 
of it 

SEofl 

Values 

ofj 

SEofj 

* + J 

Australia: 

1913 . 

85 

.52 

.05 

47 

.05 

.99 

1923 . . . 

87 

53 

.05 

49 

03 

1.02 

1927 

85 

59 

05 

34 

.04 

.93 

1933 . 

138 

64 

04 

36 

.04 

1.00 

1937 

87 

49 

04 

49 

.04 

.98 

Victoru' 

1911 

34 

74 

06 

25 

.11 

.99 

1924 

38 

62 

08 

31 

10 

.93 

1928 

35 

59 

07 

27 

09 

JK 

New South Wales 

1934 

125 

64 

04 

.34 

03 

.99 

Average of all 

common vveal t h 

and state studies 

714 

60 

06 

37 

.06 

.97 

Average of 

commonwealth 

studies only 

482 

55 

04 

43 

04 

98 

Average of state 

studies only 

232 

65 

.07 

29 

08 

.94 


but with a continuing tendency dunng the third of a century for the 
sum of it + _; to be slightly less than unity 

Australian Commonwealth cross-section studies were completed for 
fiscal years 1913, 1923, 1927, 1935, and 1937, while we also covered the 
state of Victoria for fiscal years 1911, 1924, and 1928, and New South 
Wales for fiscal 1934 (table 2) 

An analysis of these figures indicates the following 

1 The sum of the exponents for labor and capital closely approached 
umty, or true constant returns, but were nearly always slightly below unity 

2 The standard errors of k were comparatively slight, ranging fiom 
one-tenth to one-fifteenth the value of k The standard errors ofj for the 
commonwealth and New South Wales were also relatively small, while 
those for Victoria for both k and j were much larger 

3. The average exponent of labor, or k, for all nine Austrahan studies 
was .60, and the exponentfor capital,or^, was.37. Thet s for the common¬ 
wealth studies only were somewhat lower (average of 55) and the j s 
somewhat higher (average of 43) The averages m the four state studies 
were m reverse. That of the it’s was higher (average of 65) and of the 
j's lower (average of 29) 

A supplementtuy study by George Bnmgar and Keith Campbell for 
Qpeensland In 1937-38 found k to have a value of .58 and j one of .45. 

If we take .60 u the most probably “normal” value erf k in Australia, 




Art m dUmtmpitm, mhebnk Cuud. 

New Zmbmd, Mad South AfiicM. WfeoititdoathiitatmueetioBuudJ 
tor CuiMdM eomiag I92S, 1927, iSSS, aad 1997 whkh iadwhd «total 
of 699 indmtry obtervothm (Defy end Dougbu 1943}. In eddition. 
G. W. G. Browne mede two cn m t e ed oa rtudke hr South Africa in 
1937-38, indudinir ta all 102 industry obaervatiom (Browne J 943 ), 

J W. WtUianu covered 61 industries in hit crotMecdon ttudy of New 
Zealand manufacturing in 1938-39 (Willianu and Dougbu 1945); Max 
Brown, in hu unpublished doctoral dissertadon at Cambridge University, 
covered New Zealand manufacturing during the 18 years from 1915-16 
to 1935-36 (the war year 1917-16 was omitted); J. W. Williams also 
covered 18 years from 1923 to 1940; K. S. Lomax studied the British 
economy in 1924 and 1930 (Lomax 1950); and C. E V. Leser studied 
British coal mining between 1943 and 1953 (Leser 1955). The results for 
the South African, Canadian, New Zealand, and U K cross-section 
studies are shown m table 3. 

In South Africa the value ofk when blacks and whites were combined 
in 17 industries was 66, when separated the value of k was .65. The j ’s 
were, respccuvely, 32 and 37, or almost identical values They were, 
moreover, very similar to the *’s andj’s which had been discovered for 
American manufactunng and were not greatly different from the averages 
for all the Australian studies The values of k were, however, consistently 
lower and the j’s higher in Canada than in the United States and 
Austraha The i’s ranged from 43 to 50 averaging 47, while thej’s ran 
from 48 to 58 averaging 52 

The New Zealand cross section of industry observations also indicated 
a J which was higher than its i (i e., k » .46,^ = 51) Thu was also true 
of the P >= bL^C^ formula when used for the time senes When the 
P 6L*C' formula was used, however, the k was higher, being 51 for 
1915-35 and .54 for 1923-40 


Surveying this mixed group as a whole, we were reassured to find that 
the sum of the exponents of * + j approximated umty, but was very 
slightly under 1 0. The studies by Lomax were least consistent with a 
finding of constant returns to scale, but they are difficult to evaluate 
since no standard errors were reported 
The standard errors of k in the four cross-section Canadian studies 
were all 04, or from one-eleventh to one-twelfth the values of k. The 
standard errors of j were also uniformly .04, or from one-twelfth to 
one-thirteenth the values of j. The standard errors in the esae of the two 
South African studies were somewhat higher, amounting in all three 
cases to .08. This was one-eighth the value of k and one-fourth to one-fifth 
the value ofj. 
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Vtmmm Pwwwaw rm Oiwm tmm OnMMOwwMtTii OoMmaw 


CouiHry usd Year 
oflateriiMliNlnrcc 
Chow Bretion Studiea 

InduMiy 

OfaaervBtioM 

iM) 

Value 

ofk 

SEoft 

Value 

•>fj 

SEotj 

Value 

of 

South Afifica: 







i9S7-S8* . 

17 

.66 

M 


M 

.98 

I9S7-S8t . 

85 

.65 


37 

.06 

1.02 

Canada: 







I92S 

187 

46 

04 

46 

.04 

.96 

1927 . 

163 

46 

04 

52 

.04 

.96 

1935 ... 

165 

50 

.04 

.52 

.04 

1.02 

1997 

164 

43 

04 

58 

.04 

101 

New Zealand- 







19Sa-39t . . 

61 

46 


51 


.97 

Umted Kuifdom 







1924f 


.72 


18 


.90 

1930} 


73 


13 


s86 

1943-531 

88 S' 

42 

13 

60 

08 

1.02 

1943-53I 

99* 

51 

12 

49 

08 

1 00 


« Studr br 8ro%me 

t Study br Bfowae with wbitet «Ad bUckc •epantrd 
^ Saidy by WiUimm 
f Study by Looias 
J Study by h tmr 

0 Thu ttudy oombuMd time icrics umS rcfiMiAl croM'eecUoct ofaarrvauom from Brituh coaI 


Another test of the consistency of the hypothesized relationship fall« 
for an examination of the residuals from the estimated production 
function. * We would expect positive residuals in industries characterized 
by (a) monopoly or highly imperfect competition or (6) expanding 
demand where the demand curve as a whole was shifting to the right. 
Such mdustnes would have higher prices than would be observed in the 
long run under perfect competition Since output was measured in value 
terms, this will lead to positive residuals Of 49 industries with posidve 
residuals of more than 2 SE, we found 19 mdustnes to be in the first 
group including wood engraving, gold and silver reducing, lapidary 
work, music publuhmg, glucose, starch, linseed oil, patent medianes, 
tin plate, brass, and lead. At least six were in the group characterized by 
expanding demsmd, namely, cordiab and flavonng syrups (1909, 1914, 
1919), oleonuu^anne (1914), perfumery (1919), and washing machines 
(1919). There were also at least 12 mdustnes which were characterized 
both by imperfect competition and by expanding demand These were 
airplanes (1914), chewing gum (1919), cigars and cigarettes (1919), 
fountain pens (1914), photographic supphes and equipment (1904, 1909, 
«nd 1914), cash reguters (1889), smelting and refining copper (1899, 
1904), typewnten and supplies (1889) All these taken together accounted 

* The Biwiienbiciuier-Dou|Us study first introduced »n siudysis of the deviatioas 
of the actual fixun the theoretical as measured by the staiidard errors of (atunaie 
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for 37 of the 49 high positive residuals. We concluded, therefore, that a 
very large majonty of the major positive residuals, so far as the United 
States was concerned, were from precisely those industries that one would 
expect on a priori grounds. This strengthened the case for the production 
function as a description of normal competitive relationships. 

Because of limited dme, wc did not make as detailed an inquiry into 
the 38 major negative residuals We would expect them to be from 
industries characterized by overcxpansion of the stock of labor or capital, 
by declining demand, or by the use of predominantly low-skilled labor. 
Fiheen were found to be industries where the supply of labor was over¬ 
abundant Among these industries were 10 cases in the flax, hemp, linen, 
jute, and oakum group. Three more were connected with cotton, which 
tends to use low-skilled labor Two, hammocks (1889) and nets and 
seines (1914), were in allied industries while three more, charcoal, waste, 
and the cannmg of oysters, were highly disagreeable This made a total 
of at least 21 of the major negative residuals which were due to an 
oversupply of labor or the use of low-skilled labor. Several more were due 
to contracting demand Among these were grindstones, millstones, and 
hooks and eyes We regret that it was not piossible to make as full an 
analysis of this class of cases because of lack of time caused by develop¬ 
ments which I shall later narrate 

But enough evidence was accumulated to indicate that most of the 
major deviations of the actual from the theoretical values of P were 
explainable by dynamic departures from “normal” which, whether for 
good or evil, caused the “productivity” to depart markedly from the 
formula as a description of “normal” conditions The case for the use of 
the function was, therefore, further strengthened Moreover, since the 
influences of imperfect competition, expanding demand, oversupphes 
of labor, and contracting demand caused so many of the large errors, it 
seemed probable that many of the lesser deviations were also caused by 
those same factors 

Charts showing the distnbuUons of the actual products from about the 
line of the theoretical relationship were prepared and shown for all 15 
American and dominion studies, but because of restrictions of space and 
expense only three could be published in the address. With one or two 
excepuons the records of the total of 3,558 observations strongly corrob¬ 
orated both the formula and function 

1 presented all of these findings in my presidenual address to the 
American Economics Association in Chicago in 1947. At the conclusion 
of my address, I invited critics to check my statistics and conclusions and 
offered to put the necessary data at their disposal. To the beat of my 
knowledge this has not been taken advantage of. Certainly, the previous 
objection that the conclusions were based on an insufficient number of 
cases could no Icmger be advanced. 
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On the very nig^ht of niy presidential address in Chicago, the Democratic 
State Committee was meeting in that city to select candidates for U.S 
senator and for governor. Just as I had finished dressing and was about 
to go down with my wife to the meeting, the telephone rang. It was my 
friend. Colonel Jack Arvey, who told me that I had just been nominated 
for senator and asked if I would accept Getting a humed nod from my 
wife, I thanked him and the committee and pledged that I would do my 
best. Then, as we walked down to the meeting hall, I remarked that it 
might mean the end of my scientific studies, and I found myself repeating 
a line from Othello, “O farewell forever now, the tranquil life ” It had not 
been tranquil, but it was to prove even less so 

This IS not the place to describe what followed except to say that 
during my 18 years in the Senate, and for two frustrating years as 
chairman of a presidential commission, I was unable to work on the 
production function Then I was put out of commission for another year 
by the Asiatic flu, pneumonia, a heart attack, and finally, a moderately 
severe stroke As 1 recovered, I picked up the subject once more and 
discovered that the old oppionents were now relatively silent, that the 
Cobb-Douglas function was being widely used, and that a host of younger 
scholars led by my former student, Paul Samuelson, his colleague Solow, 
and Marc Nerlovc, the son of my friend and former colleague, Samuel 
Nerlove, were all pushing forward into new and more sophisticated fields 
I first urged younger scholan to carry out empirical studies for which 
there was a plethora of evidence in Canada, Austraha, and New Zealand 
Together with Senator Proxmirc, I urged the Amcncan sutisucal 
authonties and the Congress to resume the colkcuon of capital statistics 
which the economists and statisticians had jicrsuadcd them to drop in 
1920-21 Seeing no visible signs that this advice was being followed, Gunn 
and I then resolved to do it ourselves So nearly a half century after the 
original Cobb-Douglas study, and almost a quarter of a century after my 
presidential address, we launched a fourth sortie into the production 
function 

We chose seven more recent years in ,\ustralia. These were fiscal years 
1956, 1957, 1964, 1965, 1%6. 1967, and 1968.* About 160 industries 
were covered each year or 1,123 m all These, when combined with the 
earlier studies, made a total of 2,4% for the cross-section analysis of the 
Bntish Commonwealth and, with the 2,185 Amcncan cross-section 

* We aba obtained U .S data for 1%7 from Rey B Madoo, who bad employed them 
in hit forthcoming them (‘'Production, Efficiency, and Scale in U.S. Ma nu for n i nn g 
[1967], an tnier-Iatra-Iodvatry Analyiu,” Uiuversiiy of CaUiiXnia, Berkeley) Uang 
these data to cttiinBie an intenndustry production fiinction for SO induitnea. I found 
* - .60 and^ - .40, with an of 95, 
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TABLE 4 

PnootranoH FimonoN »oa AumuLUM MAtropACrruMNO, 
1956, 1957. 1964-68 


Fiscal Year 

N 

k 

SEofk 

J 

SEof^ 

* + 7 

1956 . 

159 

615 

.03 

.365 

.02 

.980 

1957. 

159 

.610 

.03 

381 

02 

.991 

1964 

163 

.595 

.03 

396 

.03 

.991 

1965 

161 

.576 

03 

.414 

.03 

.990 

1966 . . 

161 

562 

03 

434 

.03 

996 

1967 

160 

575 

.03 

425 

03 

1.000 

1968 

160 

.536 

.03 

.456 

.03 

.992 


observations, a grand total of 4,681 The contention that our conclusions 
were based on an insufficient number of cases would hardly seem to be 
tenable after all this. 

The values of k and j and their probable errors of estimate for the more 
recent years are shown in table 4 The results arc a corroboration of what 
had been found before. The values of A -I- j tend roughly to equal unity, 
indicating a tendency toward true constant returns But once again such 
slight deviations from unky as exist arc on the minus side. These deviations, 
however, arc smaller than the standard errors of the estimated coefficients 

Let us turn now to an exaitunation of the residuals in these more 
recent years.* Those industries whose estimated product was more than 
2 SE away from actual product remained fairly constant over the 7 years. 
Actual product fell short of estimated for arms and ammunitions producers 
in all 7 years and for explosives manufacturers in 5 of the 7 years. Actual 
product exceeded estimates for pharmaceuticals, tobacco, soap, candles, 
and gramophones in all 7 years Since all of these are industries that 
advertise heavily, it is likely that the omission of goodwill from the capital 
stock has contributed to the underestimates in these cases They also 
were probably characterized by imperfect competition 

The rclauonship of WjP to it is very important from the standpoint 
of distribuuon theory. Table 5 sets forth these values for 7 years in the 
1950s and 1960s. The relationship between k and WjP is quite strong 
For the 2 years of the fifties WjP was only from 1 to 3 percentage points 
below k, while in the sixties the gap ranged from 2 to 7 percentage points. 

We should not let these minor differences obscure the fact that a 
substantial degree of e(|uahty between k and WjP has been attained. 
That is the central fact, and it both gives further corroboration to the 
production function and tends to show that the distribution of the 

* If the readuali from the regretiiooi were distnfautcd according to the norma' 
diMrifaulion, we should have observed rtxighly 68 percent of them which were equsd oi 
smaller in size 1 SE. In general, the raiduals from the work reported here wer 
distributed stich that 70-75 pSroent of them were within I SE of the estimate. 
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TABLE 5 

RWLATIONmiP STmUM — AMD t fOM AvmAUAM MAKlffACnnUMO, 

1956, 1957, 1964-68 


PPODUCnON FUMCnON fOR 
Totai, Pkoouctioh 


Fiscal Year 

k 

W 

P 

1956 

615 

.602 

1957 

610 

.581 

1964 

595 

.527 

1965 

576 

530 

1966 

562 

528 

1967 

575 

517 

1968 

536 

514 


product closely conforms to what, in a largely competitive society, we 
would expect the marginal productivity of labor to produce Both 
productivity and distribution therefore, mutually reinforce each other 
There would be a still closer degree of agreement between WjP and k 
(or kl[k + j]) if It had been piossiblc to include the payments to all 
outside workers Instead, as has been pointed out, W does not include out¬ 
side salesmen, stationary or travehng Nor does it cover carters m the 
employ of the manufactimng establishments, nor storemen who sell 
products at retail from the factories These men arc necessary piarts of the 
production process But they receive wages sold salanes which have to be 
paid before interest and profits can be distributed They, therefore, 
should be added to H^to give a truer picture of the share received by labor 
By how much their inclusion would raise WjP is of course unknown. But, 
in my opinion, it would not be by enough to ehminate the difference 
between k and WjP 

What of the Future? 

The results of this study lend further corroborauon to the accuracy of the 
production function as a description of manufacturing production and as 
a determinant of the distribution of the product which is a separate 
but aUied subject 

One might still object that different mdustnes have different production 
functions, but the de g r ee of confirmation received by the loganthmic 
formulation with constant returns to scale in interindustry studies is very 
striking indeed. A number of studies have been performed that use 
cross-sectional observations on individual industries They avoid the 
possible problem of using diverse industries to estimate a sin^c funcooB, 
but their results are also in accord vnth those reported here 
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The most ambitious of these is by Benjamin Klotz, who used data for 
17 four-digit manufacturing industries in the United States for 1957 and 
1963 (Klotz 1970). While his estimated coefficients vary considerably, 
and while most industries show decreasing returns to scale, Klotz notes 
that no industry conclusively rejects the hypothesis of constant returns 
to scale. These are the same conclusions that we have been reaching with 
other bodies of data for almost 50 years 

A similar study using 1963 data from individual establishments in 
Norway yields results very much like Klotz’s (Griliches and Ringstad 
1971) Griliches and Ringstad estimate a coefficient for labor of .865 
and one for capital of 199, when all their observations are pooled Thus, 
they find very slightly increasing returns to scale They conclude “that it 
is very hard to improve upon the simple Cobb-Douglas form.” 

A considerable body of independent work tends to corroborate the 
original Cobb-Douglas formula, but, more important, the approximate 
coincidence of the estimated coefficients with the actual shares received 
also strengthens the competitive theory of distribution and disproves the 
Marxian Many of the original objections have been answered. Some 
remain 

Certainly the crude Marxian slogan, “Capital is dead labor which 
vampire-hke lives by sucking living labor and hves the more, the more 
labor It sucks,” can no longer be accepted Capital itself is instead pro¬ 
ductive, not exploitative It will add to production in a communistic as 
well as a welfare capitahsuc soaety The ethical question of who should 
own the capital and the form which such ownership should take is sUll 
open and should be decided on its merits But some of the denunciatory 
apfieab can and should be omitted The issues arc ethical, economic, and 
enginecnng, and the proper prophets of a new order arc not Marx or 
Lcmn, but Robert Owen and the Bntish Fabians 

It was my hope that the present study of 7 additional years would be 
only the prelude to a study of nearly 60 years (1912-70) From this I 
hoped to get final values for Australia of both k and j and their relationship 
to a true WIP I could also then sec more fully what changes, if any, were 
caused by the business cycle and whether there were long-term changes 
in k, j, and WjP, as well as alteration in the pattern of residuals But the 
ravages of time raise serious doubts whether 1 can accomplish this I, 
therefore, still appeal to the younger generation of economists and 
statisticians for help. A quarter of a century ago there would have been 
distmet professional risks m such a venture The opponents of the pro¬ 
duction function were eminent, powerful, and determmed. No such 
danger exists today The times favor such studies. I hope they may be 
made Despite all the difficulties, I intend to push on and complete, if I 
can, a long-time study of the function in Australia for the years 1912-70 “ 
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A Statistical Theory of Expenditures in 
Capital Maintenance and Repair 


George C. Bitros 

Btadi <if Gtmct 


Thi« ihuly introducei an econometric model to explain the detennuianta 
of expendimret in capital maintenance and repair and, mdinctly, to 
queition the amimption implicit m moat investment studies that 
expenditures do not “matter" m the process of capiul accumulauon. 
The model is estimated by a consutcnt-tystems technique, with data 
pertaining to the rolling stock of class-I Ime-haul railways m the Umted 
States from 1944-70 The empirical results indicate that mamtenance 
expenditures are determined by grou additions to and retirements from 
the rolling stock as well as by the cost of funds and the rate of utilization. 
Moreover, in light of the uncovered trade-of& between mamtenance 
expenditures and gross mvesunent, the paper concludes that in estimating 
investment modeU, a proxy for maintenance expenditures should be in¬ 
cluded among the mdepcndcnc variables. 


I. Introduction 

In the aftermath of the Keynesian revolution economists made a tre¬ 
mendous effort to explain the behavior of almost every clement making 
up the mcome-expienditurc identity Studying the dctciminants of invest¬ 
ment, in particular, became one of the two major focal points of research, 
the other being consumption Amidst all this acuvity, and given the 
possibility that a certain trade-off might exist among the various decisions 
relating to potential capital services, one would expect investment in new 


This paper was wnitrn while I wrai atsociated wiih the National Butcau of Economic 
Reaearch and New York Univeisity I am greatly indebled to the referee for his exlremely 
valuable comments and cnucisms Moreover, I should like to extend my grsntude lo 
M Darby, S Fabncant, W Lawrence, and P Mellcr for giving me the benefit of their 
advice and to Mr. K. Hurdle of the Association of Amcncan ^ilroads, who provided 
me with some useful unpublished informauon Any errors of fact or mterprelatiaa are 
my own 
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durables to be investigated in coiyunction with expenditure on main¬ 
tenance and repair. However, this has not been the case. Contemporary 
econometric analyses of investment, such as those by Meyer and Kuh 
(1957), Jorgenson (1963, 1965), Hickman (1965), and Eisner and Nadiri 
(1966), proceed as if the decision to alter the useful life of existing capital 
stock through maintenance and repair did not affect the decision to invest 
in new capital goods.^ As a result, the cyclical behavior of maintenance 
expenditure along with its possible repercussions on investment and 
nadonal income have been grossly ignored 

The suppression of the maintenance and repair aspect of investment 
analysis appicars to be based on two grounds First, there are the indica¬ 
tions offered by Jorgenson (1963), Jorgenson and Stephenson (1967a, 
1967^), and others that replacement investment is a constant proporuon 
of the existing capital stock Obviously, if the combined effect of deterior¬ 
ation Sind maintenance and repair results in an evaporative death of 
capital at a constant rate, the influence of maintenance and repiair can 
be parameterized, thus leaving investment as the sole factor of decision 
in relaUon to capital services The second is associated with the fact that 
data on expenditures for maintenance and repair arc very hard to obtain 
Now, the investigations by Feldstein and Foot (1971), Eisner (1972), and 
Bitros and Kelejian (1974) have shown that replacement is not a constant 
proportion of existing capital stock ^ On the other hand, the study by 
Jorgenson and Handel (1971) reveals that, even when applied to sectors 
where relatively good maintenance and repair data arc available, modern 
investment theory assumes the mamtenance decision away It follows, 
therefore, that an attempt to reconsider the theory and to extend the 
evidence in this area is in order 

In this connection, this paper constructs a model to explore the de¬ 
terminants of maintenance expenditures and, indirectly, to question the 
tacit assumption of investment studies that the expenditures on main¬ 
tenance and repairs are irrelevant to the process of determining potential 
capital services. More specifically, the hypothesis considered here is that, 
given such forces as the utilization rate and the cost of funds, maintenance 
and repair expenditures, gross investment, and scrappage are simul¬ 
taneously determined To test this hypiothesis, the model is then esUmated 
using data pertaimng to the locomotives and freight cars ofclass-I railways 
in the Umted States from 1944 to 1970. 

The empirical results obtained arc as expected Maintenance cxpendi- 


‘ An excepuon to this may have been Johansson (1961), who, according to the account 
given by Nadund (1966), has dealt with the relationship between the repair and service 
life policy and the investment decision. Parks (1974) has also dealt recently with an aspect 
of the problem in reference to the management of consumer durables 

* Convincing theoreUcal arguments against the proporUonality hypothesis have been 
provided by Feldstein and Rothschild (1974) 
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tures arc found to be significantly related to gross investment and scrap- 
page as well as other cychcally sensitive variables. Moreover, comparison 
of the two-stage least-squares (2SLS) estimates of the basic equations 
with those obtained by applying ordinary-least-squares (OLS) reveals 
that the tradc-oflfs which exist among maintenance expenditures, gross 
investment, and scrappage must be substantial. Hence, when estimating 
investment and scrappage equations, it is advisable that maintenance 
expenditures be included among the independent variables and, in 
addition, a simultaneous-equations estimating technique be used, since 
the “system” bias is likely to be considerable. 

Section 11 presents the arguments on which the model specifications 
and coefficient sign expectations are based, SecUon III describes the 
nature of the data and defines the variables, and Section IV specifies the 
equations to be estimated and presents and interprets the empirical 
results. The conclusions arc summarized in Section V 


II. Theoretical Foundations of the Model 

Maintenance, used either in the preventive or corrective sense of the 
term,^ IS the deliberate employment of resources in the form of labor, 
spare parts, and other materials to preserve the operative state of capital 
goods * As such it is a form of investment which entails certain costs and 
in return gives rise to a stream of future benefits How much is spent on 
the current upkeep of existing capacity should depend positively on the 
expected rate of return of maintenance resources vis-Ji-vis the return that 
might be obtained if these resources were employed to secure capital 
services through alternative courses of action By implication, the behavior 
of maintenance expenditures can be analyzed by focusing on the direc- 
Uonal influences of forces which determine its relative profitability 
Following Bitros and Kelcjian (1974), who have considered the deci¬ 
sions relating to capital services, one hypothesis is that the relative 
profitability of maintenance depends on what the respecuve resources 
could earn if invested in new capital and on the economies that might be 


* The various types of maintenance and repair policies that can be followed are very 
well described in Nesvera (1970) For some addiuonal works in this area, sec Crane and 
Brown (1954), Eilon, King, and Hutchinson (1966), Brems (1968), and Ullman (1970) 

* Note that according to this dehniiion maintenance includes expenditures for regular 
upkeep and repairs of capital but docs not include money spent for ihc purpose of neutral¬ 
izing the effects of economic obsolescence Expenditures for thu purpose would be in¬ 
cluded m modernization investment Where the line is drawn in pracuce betwreen “regular” 
maintenance and ”modcmizaUon** is arbitrary, as Fabneani points out (1938) Mainlcnr 
ance expenditures for either purpose may be induunguishabl) charged to current ex¬ 
penses, to deferred charges, to depreciation reserves, or to the fixed-asset accouno Unless 
otherwise stated, the discussions below concern the “maintenance-and repair” expendi¬ 
tures which, according to the accounung convenuon, art charged to current expenses 
or to deferred charges 
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involved in scrapping. To reflect first on the efiTecta of new capital goods, 
consider the appearance in a given production line of a new machine, 
which, because it incorporates the latest technological developments, has 
lower operadng costs and/or produces higher quality products than the 
machine already in place As the analyses by Terborgh (1949) and Solow 
(1970) suggest, the ensuing competition between the two machines vdll 
cause the quasi rents of the old machine to decline Consequently, since 
the expenditure on maintenance is positively related to its rate of return 
and this is, in turn, negatively related to capital embodied technological 
change, gross investment, which is the carrier of such progress, should be 
negatively related to maintenance expenditures * 

Gross investment, however, may also be a proxy for demand conditions. 
Indeed, while, according to the evidence provided by Nadin and Rosen 
(1973), the utilization rate acts as a buffer in the short run, in the long run 
permanent changes in demand lead to capacity adjustments Thus, given 
that the production and installation of capital goods takes time, if an 
increase in capacity is called for, the return on maintenance (and by 
implication maintenance expenditures) might rise pari passu with gross 
investment Similarly, where capacity must be curtailed, the expenditures 
on maintenance and the purchase of new durables might decrease simul* 
taneously, since the profitability on both investment activities moves in 
the same direction Therefore, to the extent that gross investment is a 
proxy for demand effects, its negative influence on maintenance expendi¬ 
tures (suggested in the preceding paragraph) might be weakened or even 
be reversed altogether 

Turning next to scrappage, its relationship to maintenance expenditure 
is expected to be a negauve one, due to the way in which the profitability 
of maintenance depends on the life span of capital goods Specifically, 
from the models presented by Naslund (1966), Jorgenson, McCall, and 
Radner (1967), and Thompson (1968) it can be inferred that the faster 
capital goods arc discarded from production the lower the rate of return 
on their maintenance becomes, since their service lives decline Hence, if 
scrappage changes, due to changes in the rate of technological obsolescence 
(and/or output demand), the profitability of maintenance vanes in the 
opfMDsite direction, and the amount of resources allocated to it should 
relate to scrappage negatively * 

Now, before the analysis proceeds to consider other detemunants of 

’ Thu relationship, however, may be weakened inasmuch ai technological progreu 
can be embodied For, if an old machine could be economically made as modem as a new 
machine and maintenance substituted for modernization, gross investment and main¬ 
tenance expenditures would have a tendency to be related paatuvely. 

* In principle, maintenance expenditures could also be poiiuvely associated witk 
scrappage Thu could occur if groH investment were a substitute for exuting equiptoeni 
while, at the same tune, associated with ruing output demand and utilization, dearly 
maintenance expenditures per unit of surviving equipment would normally be highe 
than the mamtenance requirements of new equipment installed It follows that increiuei 
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maintenance o^ienditures, a note u in order. From the ailments above 
it is clear that the influences of gross investment and scrappage on main¬ 
tenance expenditures are not unidirectional. Rather, the former variables 
affect and arc themselves affected by the latter This implies that, in the 
context of deciding upon the most economical manner in which to provide 
a desired level of capital services, the rates of maintenance expenditures, 
gross investment, and scrappage are complementary To allow, then, for 
possible trade-offs between maintenance expenditures on the one hand 
and gross investment and scrappage on the other, the latter variables will 
be treated as endogenous 

K^aintcnance expenditures may also be influenced by certain exogenous 
variables. One that comes immediately to mind is the cost of funds This 
variable, as measured by the interest rate, may affect maintenance ex¬ 
penditures either directly, through changes in their expected profit¬ 
ability, or indirectly, by altering the durability and hence the main¬ 
tenance requirements of capital stock Since the present value of the 
benefits expected to accrue from maintenance decreases or increases as 
the cost of funds goes up or down, maintenance expenditures and the 
interest rate are negatively associated At the same time, however, as more 
durable goods are normally more expensive than the less durable ones, a 
drop m the cost of funds might cause a shift away from shortcr-hved to 
longer-lived capital expenditures, and vice vena In turn, such a shift 
would imply a positive relationship between maintenance expenditures 
and the interest rate, since capital durability and maintenance require¬ 
ments can be presumed to be related inversely There is no way of pre¬ 
dicting with certainty what the net effect of these two influences will be 
Nevertheless, granted that the jxwiuvc effect must opicrate slowly over 
Umc, due cssenUally to the difficulty involved in changing the age com¬ 
position of capital stock in the short run, the negative effect will probably 
be the dominant one The expectation, then, is that, cetens panbus, 
maintenance expenditures will be negauvely related to the interest rate 

Another such determinant is the intensity with which capital goods are 
used Presumably, since utilization depletes the output capacity of 
capital,’ the more intense the usage is the more valuable the capital 


maintenance expenditures, due to higher demand and utilization, could possibly go band 
in hand %vith increased scrappage, due to the iniroducuon of new equipment Although 
such a case is conceivable, I have considered it extremely doubtful For this reason, I 
have elected not to weaken the view taken in the text that maintenance expenditures and 
scrappage would be always negatively associated 

’ Mams (1964), Hirschman (1967), Winston and McCoy (1974), and others have 
advanced the view that the uulization of capital may be considered exogenous only in the 
short run, since in the long run it is probaUy an economic vanable subject to the op¬ 
timizing calculus of the Arm Here I have decided lo conceive of uuUzatioii as an exog¬ 
enous force hecause I am interested in its short-term impact on maintenance expotditures 
For an example where utilizauon u treated as an endogenous vanable, see Ktros and 
Kelqun (1974). 
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services and therefore, ceteris paribus, the higher the profitability of 
maintenance must be. On these grounds, then, the expectation is that 
the utilization rate and maintenance expenditures will be positively 
related As for the negative relationship between these two variables, 
which IS suggested by the consideration that maintenance taJces place 
predominantly when capital is idle, the likelihood is that its influence will 
be extremely weak The reason for this is that, as pointed out in Winston’s 
(1974) review article, capital goods remain idle most of the time 
In summary, the theoretical arguments presented in this section suggest 
that maintenance expenditures depiend negatively on scrappage and the 
cost of funds and positively on the utilizauon rate With regard to gross 
investment, its relationship to maintenance expenditures can go either 
way because this variable stands for more than one opposite effect. 


III. Nature of the Data and Definitions 

The data used in the estimations were time senes pertaining separately 
to the stock of locomotives and freight cars of class-I line-haul railways in 
the United States from 1944 to 1970 They were primanly obtained from 
the Statistics of Railways in the United States, published annually by the U S 
Interstate Commerce Commission Various issues of the Transportation 
Manual, released by Moody’s Investors Service, Inc , served as a secondary 
source of information From this I extracted a few senes which, though 
traceable to other U S Interstate Commerce Commission publications, 
were readily available there Finally, some minor discontinuities m a 
variable were filled in and an important senes was put together with the 
help of unpublished information given to me by Mr K H Hurdle of the 
Association of American Railroads Relatively speaking (this area of 
research is characterized by a scarcity of pertinent data), this sample is 
most suitable for the test under consideration here 

This last statement is based on at least three desirable features of the 
data The first is the consistency with which capacity is measured Given 
that the capacity of locomotives is rated in the physical and homogeneous 
unit of “tractive effort” * and that output is expressed in terms of ton 
miles carried—aside from the question of reliability of maintenance (for 
which the data do not account)—there must be no aggregation biases 
involved, so that the senes of locomotive capacity is internally consistent 
over time The same is true of the capacity of cars, which is given in short 
tons’ of freight-carrying ability The second attribute is that the capacity 
of locomotives and the capacity of freight cars are observed independently 

* General Moton CorporaUon, in its manual Pull—thi Traclivt Effort of Ditstl Loco- 
molwes (n d ), defines “tractive effort” as the turning force at the nms of the wheels, if 
conditions are such that the wheels cannot slip 

’ A short ton is equal to 2,000 pounds 
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of the new additions to them, hence, the corresponding senes of available 
capacity in locomotives and freight cars are also consistent with the inter¬ 
temporal paths of the respective series of gross investment and scrappage 
for each of these two capital goods Last, the data are characterized by an 
admirable continuity of defiintions, both in the course of collection from 
individual compames and their aggregate presentation For example, 
while the definitions onginally accepted by this industry’s umform system 
of accounts'® as to the delineation of maintenance and investment may 
have been somewhat arbitrary, one thing is certain the definitions for 
mamtenance and gross investment (as for most of the variables) have not 
changed during the period of the sample, so that the resjjecUvc accounts 
have retained their intertemporal comparability 

Turning now to the descnption of the individual variables, the time 
senes for the maintenance variable of locomotives is derived through 
application of the definition Af{ = m'Jui,, where mj represents the 
absolute level of current expenditures incurred for maintenance and 
repairs of locomotives, and w, is an index of labor costs in the maintenance 
departments of railway companies Following the same definiuon but 
replacing m\ by the level of ciurent expenditures for maintenance of 
freight cars, m‘, gives the maintenance variable of freight cars, AfJ I 
would have liked to be able to deflate maintenance exjienditures by an 
index mvolving the costs of spare parts, lubricants, anticorrosive materials, 
etc , as well as the cost of labor Such an index, however, cannot be con¬ 
structed because the prices of the former items are not available 

With reference to the capacity variables, that is, one for locomouves 
and another one for freight cars, two minor data imperfections had to be 
faced (a) the data detailing tractive effort of owned and leased loco¬ 
motives and tons of carrying ability of owned and leased freight cars were 
not reported separately, and (A) beginmng with 1968, the reporung unit 
of locomotive capacity changed from “tractive effort” to “horsepower ” 
In deriving the capacity of owned locomotives, the average tractive effort 
of leased locomotives was assumed to be the same as that of the loco¬ 
motives in the total stock Then, multiplying the number of leased 
locomotives by the average tracUve effort of all locomouves and sub- 
tracung the product from the total tractive effort at the close of the year 
results in the variable of owned locomoUve capacity, A’J. The capacity of 
owned freight cars, was also segregated from the total in a similar 
manner However, had total capacity been used instead of owned capacity 
alone, the esumations would not have been materially affected, since the 

' ” At every other regulated mduitry in this country, railway compames arc required 
to Tollow certain rigidly defined accounting procedures in handling the various types of 
revenues and expenditures The laws that describe these procedures are detailed in the 
U S Interstate Commerce Commission's Vi^form jyrinn 9 J Ammts far RaJnad Caarpanm 
(1957) 
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leased capacities of locomotives and freight cars over the same period 
never exceeded 18 percent and 19 percent of the total capacities, respec¬ 
tively * ^ On the other hand, the observations on locomotive capacity for 
1968, 1969, and 1970 were converted from horsepower to tractive effort 
by means of formula (1) ‘ ^ 

Tractive effort (in pounds) * —=- - -, (1) 

miles per hour 

assuimng that the locomotives purchased after 1967 could run as many 
miles per hour (mph) as the average locomotive added to the stock during 
the three precedmg years ‘ ^ 

Gross additions to locomotive capacity, Jj, consist of the tracuve effort 
added via new umts purchased or built plus units rebuilt and written into 
property accounts. Gross additions of freight car capacity, /‘, are made 
up of short tons of cargo-carrying capability added through purchases of 
new cars and cars built or rebuilt during the year Moreover, as to the 
scrapped capacity of locomotives, Sj, and freight cars, .S', these variables 
consist of the tractive effort and tons of carrying ability, respectively, 
which are permanently withdrawn from service annually For complete¬ 
ness, table 1 gives the expenditures for maintenance as well as the capacity 
senes on which the estimates are based 
The senes on utilization rates were by far the most difficult to denve 
Refernng first to the uulization rate of locomoUves, I/j, this was approx¬ 
imated by the ratio of gross ton miles earned to capacity Capacity, how¬ 
ever, as indicated above, is measured in terms of tractive effort, so that it 
had to be converted into ton imles To accomplish this, I initially employed 
formula (1) in conjunction with the average speed at which freight and 
passenger trains run to convert the available tractive effort into capacity 
expressed in horsepower ‘ * Then, making use of the fact that one horse- 

'* In addiuon, substitution of the total for the owned capaciues in the estunauoni 
reported in this paper left the results essentially unaffected 

* ^ This fomiula was brought to my attention by Mr. K H Hurdle of the Assocution 
of Amencan Railroads It is contained in the manual of General Motors Corporation and 
relates only to the tractive effort of diesel locomotives However, no bias results from 
applying it to the total tractive effort for 1968, 1969, and 1970 because dieselization of 
railways was almost 100 percent complete by 1963 

' ’ More specihcally, the operation involved three steps Fust, I calculated the miles 
per hour which would consistently convert the reported horsepower of gross additions to 
locomotive capacity during 1965, 1966, and 1967 into the declared capacity in terms of 
tractive effort Second, using the average of imies per hour as estimated in the first step 
for 1965, 1966, and 1967 and the reported horsepower of gross addiuons to locomotive 
capacity for 1966, 1969, and 1970, 1 derived the grots tractive effort during these years 
Finally, multiplying the locomotives retired within each year by the average tractive 
effort of all locomotives at the close of the previous year and subtracting the consecuUve 
products from the grots tractive effort for 19M, 1969, and 1970 as esUmated above resulted 
in the net changes of locomotive capacity during these 3 years 

** The conversion of tractive effort to ton miles may have been somewhat unstable 
over time for two resuons The first relates to the hours during which locomotives can 
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power produces 1/0 1875 ton miles per hour,* ’ I computed U, as 

Iji ^_ 

' (HP,/0.1875) X (1 - USL,) x 8,760 ’ 

where 

GTM, >= gross ton miles at time I (gross in the sense that in 
addition to the useful load it includes the weight of 
locomotive and tenders as well as the weight for both 
passenger and freight tram cars), 

HP, •= capacity measured in horsepower at time t, 

USL, = ratio of unserviceable to serviceable locomotives at t, 
and 

8,760 = the total number of hours contamed m a year 


The utilization rate of freight cars was computed by means of the following 
formula 


= _ , 

K‘, X AFTS, X (1 - use,) x 8,760 

where 


( 3 ) 


NTM' = net ton miles of freight cars at t (net in the sense that 
It includes only the useful load), 

AFTS, = average freight train speed at /, 
use, = ratio of unserviceable to serviceable freight cars at t, 
and 

’= capacity of freight cars in short tons at t 
The assumption that serviceable locomotives and freight train cars can 


theoretically roll Clearly, if the potential ume during which locomouves could roll 
annually is not a fixed number of hours (as hypothesized here) but vanes from year to 
year, the relationship between ton miles per hour and available annual ton miles of 
capacity would be shifting Second, formula (I) is based on an efficiency parameter for 
diesel locomotives, which has the value 308 The value of this parameter would be 
affected by any changes in the relauonship between tracUve effort and bonepower. For 
example, to the extent that steam locomotives may have been less efficient m tiansfonning 
horsepower to tracUve effort than diesel locomouves, or to the extent that technokigicid 
change may have improved the efficiency of diesel locomouves, the value of thu parameter 
would change accordingly 

To see why this is so, combine the defimuons that (a) 1 foot » 1/5,260 mile, (i) 
1 second = 1/3,600 hour, and (r) 1 pound = 1/2,000 ton with (d) 1 hp — 550 (Saot x 
pounds)/seconds, as given in, say, Shortley and Williams (1965) SubsUtuung (a), (*), 
and (e) into (d) gives 



mile \ 

» 0 1875 

ton miles 

1 OvV 

V 2,000 

5,280/ 

(3,600 

hour 


I am indebted to Mr D. Kokkmos for having double-checked these operauons 00 my 
behalf. 
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operate anmially tor 8,760 houn it an exaggeration; the figure was used 
becauK nctoal data on the hours rolling stock was available for service 
could not be obtained.** 

Six other variables were also employed: (1) the interest rate, r„ mea¬ 
sured by Moody’s composite yield on railroad bonds, (2) the average age 
of locomotives, A‘„ and that of freight cars, A'i, approximated by the ratios 
of their net to gross fixed asset values, respecUvely, (3) the taxation rate, 
u„ obtain^ by dividing federal, state, and local income tax accruals by 
operating income before taxes, (4) the variable of gross funds, arrived 
at by adding profits after taxes plus capital consumption allowances; 
(5) the relauve cost of leasing versus owning equipment, L„ represented 
as a raUo of rentals paid over the price of investment per umt of capacity; 
and (6) the percentage of total ton miles earned by trucks in the United 
States, MVT„ employed to approximate the competiUvc pressure on the 
railway industry by other transportation modes 


rV. Empiricsd Results 

The statistical model to be esUmated is 

= ao + + <22 + a^U, + a^r, + yX, + v„ (4) 

A,_1 A,_, A,_, 

where, abstracting from the supersenpts of vanables for convcmcnce, M, 
stands for maintenance expenditures, A,_, denotes output captuaty, I, 
and S, are gross additions to and scrappage from capacity, respecuvely, 
U, IS the utilization rate, r, represents the interest rate, A’i is a vector of 
additional vanables, and v, is a disturbance term Whether the model is 
fitted to the data for locomotives (i e, vanables with the supersenpt 1) 
or to those for freight cars (i e , vanables with the supersenpt c), my 
expectauons concerning the coefficients m (4) are Oj < 0, Oj > 0, and 
a* < 0 However, I have no cxpiectations with respect to coefficient a^. 
Table 2 shows the 2SLS estimates obtained by fittmg equation (4) to 


< * The theoretical capacity of locomotives and freight can u difficult to establish any¬ 
way According to Petenen (1970), for example, the capacity of fireight can depends, 
among other things, on the following (I) total number of freight can, (2) freight-car 
capacity and volume dimensions, (3) train speed, ruling grades, and location of pamn g 
sidings, (4) number of houn dunng idiich can arc available to the railroads, (5) irei^t- 
car routings, (6) carload mix which afTects the type of can used, the number of empty 
can back hauled, and the switching and interchange faciliucs used, (7) tram schcduliag 
and make-up; (8) layout of classification yards, the location and length of reeeiviiig and 
departure tracks, condiuon of the rads, ties, and ballast, the efficiency of yard com- 
mumcauon systems, and the avsulabibty of alternate tracks. Most of them bcion cannot 
be measured so that for empirical research certain compromises are invariably adopted. 
For two altemauve approaches to defining tram capauty, tee Mrger ( 1948 ) and UA 
Intentate Commerce Comimsuon (1952) 
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maintenance expcnditiues for locomotives.*’ It can be seen that 
results are comistent with both the sign expectations outlined above and 
the hypothesis that maintenance expenditures, gross investment, and 
scrappage are simultaneously determined Specifically, the coefficients of 
scrappage and interest rate variables are unifomily negative throughout 
and that of the utillzaUon rate is consistently positive At the same time, 
all variables in equation (421) are statisUcally significant at the 5 piercent 
level, with the proviso that a one-tail test would be appropriate for the 
variable of gross investment 

These results also reveal that none of the alternauve lag structures con¬ 
sidered improved the specification of model (421) In this resjject, the 
lack of staUstical significance of the coefficient for the lagged value of the 
dependent variable in eq (4 2 4) should be particularly noted. This 
suggests that, contrary to the preconception that maintenance-funds 
allocations per unit of capital would be characterized by inertia, in 
actuality there may not be any distributive lag structure relating the 
maintenance vanable to its determinants Since, therefore, maintenance 
expenditures for locomotives are best explained by (4 2 1), the latter will 
be retained as the oasic model 

As could be expected, the statistical behavior of maintenance expendi¬ 
tures for freight cars is almost identical with that identified above for 
locomotives From table 3, which gives the 2SLS estimates of the model 
from data pertaining to freight cars, it may be observed that the results 
arc again in general agreement with the theory Specifically, the coeffi¬ 
cients of scrappage, interest rate, and utilization variables in equabon 
(4 3 3) have all the postulated signs and are significant at the 5 percent 
one-tail test (with the exception of the coefficient for the uUlizauon vari¬ 
able, which IS significant even at the 5 percent two-tail test) Similarly, as 
in (4 2 1), the coefficient of gross investment is posiUve and statisUcally 
significant at the one-tail 5 percent level 

The only difference between (421) and (4 3 3) lies in the presence of 
the lagged values of gross investment and scrappage variables in the 
second equation This findmg might be interpreted as revcalmg the 
existence of some delayed impact of these forces on the maintenance 
expenditures of freight cars due, perhaps, to sharjjcr underlying diffcr- 


‘ ’ As specified above, the maintenance model is conceived to be embedded in a synem 
comprising a gross investment and a scrappage cquauon However, the implcmcnuuon 
of the 2SLS procedure on (4) does not lequue the specification of the entire system of 
equations In particular, aside from the equation of interest, all one need specify is a set 
of instruments which arc either contained in the system or are correlated with the pre- 
deterrmned vanables of that system Thus, following Zcllncr (1957) and Black and 
Kelejian (1970), I have esumated (4) by specifying a number of such instnimenls These 
instruments arc given at the bottom of wble 2 for the maintenance equation of loco¬ 
motives and in table 3 for the esumates referring to the maintenance expenditures of 
freight can 
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ences between locomotives and freight can in the timing of shoit-tenn 
demand effects and long-term maintenance requirements. However, the 
lack of a general lag structure relating the mamtenance-expenditures 
variable to its detemunants is ascertained again, smce the introduction of 
Mf_, into (4.3.3) worsens the specification For this reason I have pre¬ 
ferred to retain (4.3 3) as the basic mamtenance model for freight cars. 

In concluding the comments on the statistical properties of the estimates 
presented above, one interesting aspect should be emphasized This is the 
tendency of a positive coefficient on current gross investment accompany¬ 
ing a negative coefficient on lagged gross investment as shown by (4.2.2) 
and (4 3 3). The positive coefficient suggests that current capital and 
maintenance expenditures are probably dominated by common demand 
factors The negative coefficient, on the other hand, indicates that equip¬ 
ment installed last year is likely to reduce the profitability of maintaining 
old equipment. Hence, in juxtaposition, the two signs might be taken as 
evidence in support of the speculation advanced in Section II that there 
IS a separate demand and substitution effect in the relation between gross 
investment and mamtenance expenditures 

To shed some light on the econonuc sig^ficance of the findings, equa¬ 
tions (421) and (4 3 3) were utilized to estimate the elasticities given in 
table 4 The salient feattire here is the extraordinary responsiveness shown 
by maintenance expenditures for locomouvcs to changes m their utiliza¬ 
tion Specifically, a 10 percent increase in the average rate of utilization 
would be expected to increase maintenance expenditures by 26.23 percent 
per unit of tractive effort In terms of 1967 dollars this would mean, for 
example, an mcrease of $223 per short ton of tractive effort or an increase 
of more than $204 million in the average locomouve mamtenance bill. 
Although smaller than the effect just discussed, the impact of the other 
variables on maintenance expenditures is also significant A 10 percent 
increase in the average scrappage rate of freight cars, for example, would 
induce a 5 98 percent decline in their mamtenance expenditures, 3 59 
percent of which would take place withm the year of change, with the 
remainder realized in the following year. TranslaUng these piercentagcs 
into 1967 dollars, had such a change occurred in a given year of the 
sample period, by the following year it would have subtracted $ 54 from 
the maintenance of freight cars per short ton of carrying capacity, that is. 
It would have reduced the annual mamtenance bill for this asset by 
approximately $45 million 

Table 4 indicates, further, that maintenance expenditures may be quite 
sensitive to changes in the mterest rate Note that it is difficult to tell what 
the true magnitude of the interest elasticity is because (as it will be pointed 
out later on) the coefficient of this variable contains a substsmtud amount 
of time trend, the same observation holds for the elasticity of utilization 
in (4.3.3), which is also trend dominated Despite these limitations, (4.2.1) 
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TABLE 4 

EiAmamBf of Muntenanos ExnNDmnm per Unit of 
CAPA crry EmuATEO at the Mean Value of the Vasiablbi 


Name OF Asset 
AMD Number of 
Equation from 
Tables 2 and 3 



Independent Variables 


W-, 

S,/K-. 

V.-, 

r. (W-i)-i 


Locomotives (4«2 1) 
Freight cars (4 3 3) 

380 

.232 

-.513 

-.359 

2.623 

.851 

- 928 

- 492 -.265 

- 239 


and (4 3 3) have been found to be rich in economic implications. In 
addition, they confirm fully Hultgren’s (1948) conclusions, according to 
which maintenance expenditures m this industry are essentially pro¬ 
cyclical 

The basic equations (421) and (4 3 3) were then subjected to two 
additional tests First, the list of regressors was expanded to include other 
variables which might represent either extra forces influencing the main¬ 
tenance expenditures of locomotives and freight cars or different measures 
of forces already accounted for Among the vanables considered in this 
connection were the rate of return to capital in the railroad industry, 
gross and net funds, the relative cost of leasing versus owning rolling 
stock, the average age of locomotives and freight cars, and the percentage 
of total ton nules earned by trucks in the United States From the em¬ 
pirical results obtained in the vanous runs of the basic equations in con¬ 
junction with these vanables no obvious improvement was observed, 
and, therefore, the aforementioned equauons were retained 

However, one particular result of this senes of expenments is worth 
mentiomng When time was entered as an additional explanatory vanable, 
the estimates obtained for the basic equations of the model were. 

^= 3 79 -1-46 00 ^2- 58 26 + nZr, 

(83) (1.91)(-2 64) ^'-1 (.13) 

4- 35 65f/,'., - 41 t ) 

(2 45) (-3 62) 

= .87, SE = 1 36, D-W = 2.18 

= 17 72 -f- 72.09 -53 61 

1 (5 09) (3 54) 1 (- 1.88) **-» 

-l- 60.29r, - 32.15 32 41 (4.3.3') 

(1 39) (- 86) (-2.05) 

+ 1.26 - .48 t. 

(.59) (-4.05) 

- 92, SE - 1.01, D-W - 1 91 
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This indicates that the time vanabie substituted completely for the role 
of the interest rate in both equations. In addition, it eliminated the influ¬ 
ence that the variables of utilization and lagged scrappage appeared to 
have in (4.3 3) Apparently, the large negative effect of the interest rate 
and, perhaps, that of utilization in the maintenance equation of freight 
cars reflect a considerable degree of time trend Although (4 2.1) and 
(4 3.3) will be taken here to represent the best specification of the model, 
the signs and relative magnitudes of the trend-dominated variables will 
remain uncertain until more evidence is brought to bear on their 
structural relationship with maintenance expicnditures 

In the second test, and in order to see how sensitive the results are to 
the estimation technique, I reesUmated (4 2 1) and (4 3.3) by the OLS 
procedure The results are given in (4 2 1") and (4 3 3") below. 


ill 

^f-i 


M[ 


-743 + 1043 -21 57 

(-193) (0 59) ^>'1 (-1 59) 

- 177 32 r, + 74 01t/,'_, 

(-7 62) (6 45) 


(4 2.1') 


/?^ = 0 84, S E = 1 45, D-W = 1 42 


= 7 52 + 16 33 - 34 99 - 

(2 11) (79) (-1 46) 

103 18t/;_, - 43 53 (-p-j 
(3 45) (-2 43) 

- 4790 (JL) 

(-2 12 ) W - 1/-1 

= 84, S E = 0 134, D-W = 1 


113 48 r, 
(-4 66) 


(4 3 3') 


74 


where the figures in parentheses beneath the parameter estimates are I- 
ratios. In comparing the OLS estimates to those obtained by applying 
2SLS, some very substantive differences should be noted Specifically, if 
the basic equations had been estimated by the ordinary least-squares 
procedure I would have concluded that neither the gross investment nor 
scrappage variables were significant forces in deternunmg mamtenance 
expenditures Now, however, the conclusion is that the systems “bias” m 
estimating maintenance, investment, and scrappiage equations may be 
substantial, so that a systems-estimation technique should be used 


V. Summary and Conclusiona 

The objective of this paper has been to explore the determinants of ex¬ 
penditures in capital maintenance and repair. By first constructing a 
model and then using it to explain the behavior of class-I railways in 



934 


JOUKNAL OF POLmOAL EGONOUY 


keeping up their rolling stock, I have found that maintenance expendi¬ 
tures are determined to a large extent by gross additions to and retirements 
from the rolhng stock as well as by the cost of funds and the rate of 
utilization. Moreover, the evidence has revealed that, for at least the roll¬ 
ing stock of this industry, the trade-oifs that exist among maintenance 
expenditures, gross investment, and scrappage are substantial 

The imphcations of these trade-offs concerning the assumption of 
investment studies that maintenance policies do not “matter” should be 
obvious. They indicate, although only indirectly, that if the interactions 
found among the variables referred to above exist for classes of capital 
assets more general than rolling stock, the traditional estimates of invest¬ 
ment equations, where maintenance expenditures are parameterized, 
might involve serious biases However, to ascertain the existence and 
nature of these biases, gross investment equations will have to be estimated 
using maintenance expenditures as an independent variable and more 
aggregate data than those utilized here 
Finally, I have argued that the method by which maintenance equa¬ 
tions are estimated makes a significant difference In this respect, the 
conclusion is that system-estimating techniques are to be preferred This 
conclusion will also be supported in a forthcoming paper, where a system 
consisting of three equadons corresponding to maintenance, gross invest¬ 
ment, and scrappage is estimated by the three-stage least-squares (SSLS) 
procedure 
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Temporary Layoffs in the Theory 
of Unemployment 


Martin Feldstein 

Harvard Vrtmtmiy 


The typical worker who is laid ofT is soon rehired by his original em¬ 
ployer. This important and generally unnoticed fact requires a major 
reevaluation of our current theories of unemployment This paper 
develops a theory of temporary layoffs Specific attention is given to the 
question of why employment is reduced instead of hours The role of 
unemployment insurance and of taxes is exammed m detail 


Most workers who arc laid off are subsequently rehired by their original 
employers This important and generally unnoticed fact requires a major 
reevaluation of our current theories of unemployment * 

The Keynesian theory of unemployment, shaped by the expenence of 
the Great Depression, emphasizes the worker who lost his job when 
demand fell and who will only find a new job when aggre^tc demand 
increases sufficiently In contrast, the best of the modem work on 
unemployment^ has elaborated Stigler’s (1961) analysis of seat ch behavior 
with a model in which the unemployed worker samples job offers until 
he finds one that exceeds his opumal reservation wage In this view, 
layoffs are characterized as involuntary while the return to work is 
regarded as the choice of the individual A number of writers have 
suggested that the senous problem of unemployment is associated with 


I am grateful to the NaUonal Sacnce FoundaUon for fuiancial support, to the Umvernty 
of California at Berkeley for the opportuiuty to return to this problem during my term as 
Ford Research Professor, and to Alan Auerbach and Robert Hall for comments on a 
previous draft 

* Specific evidence on the relaUve importance of temporary layoflfi u presented m 
Sec 1 below 

* This includes, e g , HaU (1970,1972), Holt (1970), McCaU (1970), Mortensen (1970), 
Phelps (1970, 1972), Perry (1972), Tobin (1972), and Gordon (1973) This general view 
of unemployment can be traced back to Hicks (1932) and Pigou (1933). 

(JmrmI rf Pvbtatl J T i mm i. 1976, vol 84, oa 5] 

O >976 by Tbe Unlveiwr of Chicaio All nfiils nserved 
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these apparently involuntary layoffs rather than with the substantial 
number of voluntary quits. 

These theoretical formulations ignore the overwhelming importance of 
temporary layoffs. Most workers remain with a single firm for a very 
substantial period even though they may experience frequent spells of 
temporary unemployment. Most of those who are laid off know that they 
will soon return to their employer, protected by semority arrangements 
and by their job-specific human capital * For them, the theory of job 
search is largely irrelevant * Moreover, in contrast to the search theory, 
It IS the employers who determme the durations of these individuals’ 
spells of unemployment 

The traditional distinction between quits as voluntary and layoffs as 
involuntary also ceases to be valid Because workers remain with the same 
employer through several spells of unemployment, the frequency and 
durauon of temporary layoffs must be regarded as part of the total 
package of compensation and conditions In a competitive labor market, 
employers will have to offer the economically feasible combination of 
unemployment, wages, and conditions tAal workers prefer. In collective- 
bargaining situations, the pattern of temporary layoffs may be an explicit 
part of the labor contract Although any particular layoff may be 
involuntary, the general pattern and rules are the result of explicit or 
implicit voluntary agreements Moreover, even particular layoffs may be 
voluntary Many collective-bargaining agreements contain “inverse 
seniority” provisions that give the most senior workers the opportunity to 
be laid off first and rehired last * Union contracts may also require that 
firms lay workers off instead of reduang average hours per week ® 

This paper will develop a theory of temporary layoffs Specific attention 
will be given to the question of why employment is reduced instead of 
hours The role of unemployment insurance and of taxes will be examined 
in detail 

In an earlier study of unemployment,’ 1 emphasized both temporary 
layoffs and unemployment insurance I explained there, and more fully 
in a subsequent paper (Feldstein 1974), that the impact of unemployment 

* See Oi (1962), Becker (1964), and Parsons (1972) for analyses of the relation of 
specific human capital to the relatively permanent attachment of workers to individual 
Amu 

* There is some evidence that those who return to their original employer also in¬ 
vestigate other jobs while they are out of work This may in part reflect a local un¬ 
employment insurance requirement that those who receive benefits must generally 
engage in active job search Whatever the reason for this search, the fact remains that 
most of those who are laid off do return and can expect to return to their onginal 
employer 

^ A study by the Bureau of Labor StatisUcs (U S Department of Labor 1972) describes 
the inverse semonty provisions in a large number of union contracts 

* Sec, c g , the contract between the Umted Auto Workers and General Motors. 

Fcl^tein (1973a) Part of this study was reprinted in Feldstein (1973^). 



THEORY or TEMPORARY LAYOFFI 


939 

iiuurance is magnified by its mteraction with the income tax. The 
general nature of this effect is clear, but a formal model is needed to 
indicate the order of mag^tude of the impact and to provide a framework 
for future empirical research. The model of temporary layoffs that is 
developed in the current paper shows how unemployment insurance 
magmfies the effect on employment of changes in demand and increases 
the change in employment relative to the change in average hours. The 
analysis also shows how the unemployment insurance program can 
induce temporary layoffs or “unemployment hohdays” even when there 
is no decrease in demand 

The current paper focuses on the role of temporary layoffs as part of 
the higher “permanent” rate of unemployment * During normal times, 
random fluctuations in demand for specific products contribute to a 
continuously high rate of layoffs It is this phenomenon rather than 
occasional cychcal increases in unemployment that is the subject of the 
current analysis ^ 


1. The Magnitude of Temporal^ Layoffs'** 

Although the purpose of this paper is to develop a theoretical analysis. 
It IS useful to provide some empincal information about the relative 
importance of temporary layoffs 

The National Longitudinal Survey that was conducted for the 
Department of Labor provides information on temporary layoffs among 
older men in all industnes *' In the survey year 1966-67, 9 j>ercent of 
those surveyed cxpierienced some unemployment while only 4 percent 
repiorted an involuntary job change Since many of those who are 
unemployed have more than one spell per year and since some of those 
who are laid off will move directly into a new job without experiencing 
any unemployment, the ratio of job changes to total layoffs will be less 
than four-nmths Moreover, over the 3-year period 1966-69, only 

' I have used the term “pcmuinent" rate of unemployment rather than “natural" 
rate to emphasize that this equilibrium rate reflects lazes, unemployment insurance, and 
other institutional features of the labor market Any decrease in unemployment below 
this rate thorough snernuer in aggregaU demand increases the rate of inflaUon In contrast, 
insUtutional changes can lower the unemployment rate without increasing inflation 

* After the work for this psper was substantially complete, I bad the opportumty to 
read Bally (19746) He develops, especially in pp 16-23, an interesting alternative model 
of the impact of unemployment insurance There arc too many diffeiences m the structure 
of the models to permit direct comparison voth the implicauons of the current model 

** 1 have done exteruive empincal analysu of temporary layolB smcc this paper wsu 
written. Some basic estimates are presented in Feldstein (1976) 

* * The survey was directed by Dr Herbert Fames and conducted by the Bureau of the 
Census The figures cited here were published in U S Department of Labor (1970) and 
Fames, Ncstel, and Andnsam (1972) 

** U S Department of Labor (1970), pp 25 and 54 
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6 percent of those surveyed changed jobs involuntarily while there were 
at least 30 layoffs per 100 workers.** 

A quite different type of information is provided by the question in the 
Current Population Survey about job search activities of the unemployed 
population To be counted as imemployed by this survey, an individual 
must have made specific efforts to find a job during the past 4 weeks 
unless he is waiting to be called back to a job from which he had been 
laid off or is waiting to report to a new job within 30 days. It is striking 
therefore that, in February 1975, more than 41 percent of the unemployed 
men aged 25-64 were not classed as job seekers. The unreported 
percentage of nonsearchers among those who had been laid off is of 
course much higher.** 

There is further evidence that a very high proportion of workers laid 
off by manufacturing firms are subsequendy recalled to the same 
employer Durmg the past decade, there were approximately 1 33 
layoffs per 100 employees each month in manufacturing firms *’ During 
the same period, accessions other than new hires by these firms averaged 
1 11 per 100 employees per month, or 83 percent of the number of 
layoffs These accessions include only rehires and transfers between 
establishments within the same firms Although separate esUmates of the 
numbers of rehires and transfers are not available, there is some evidence 
that the number of transfers is very small.** This implies that at least 
75 percent of the workers laid off in manufacturing arc subsequently 
rchired by their original employer 

Although more detailed analysis of those who have been laid off would 
be desirable, the current data are sufficient to show the importance of 
temfxirary layoffs among workers who have long aflfiliations with their 

See Fames et al (1972), p 32, for the rate of involuntary job changes The layoff 
rate is a conservative esumatc based on the number reporUng some unemployment during 
each year 

** U S Department of Labor (1975), p 30 These individuals were not ‘‘discouraged 
workers” who did not seek work because they believed that none was available; such 
individuals are not counted as part of the unemployed 

‘ ’ These figures on manufacturing turnover are published in Emplojmtnt and Eamuigs, 
a monthly publication of the Department of Labor LayoA are defined by the Department 
of Labor as ‘‘suspensions without pay tasting or expected to last more than 7 consecutive 
days, initiated by the employer without prejudice to the worker” (see, c g., U.S Depart- 
ment of Labor [1975], p 145) In addition to voluntary quits, other separations include 
death, retirement, permanent disabihty, entrance into the armed forces, transfers to other 
estabhdimcms of the same company, or discharges “for cause” (e.g , incompetence, 
dishonesty, etc ) No information is available on the composition of these other 
separations. 

‘ * Telephone interviews with the individuals who prepared the turnover report for the 
Department of Labor at each of the six largest manufacturing employers m the Boston 
metropohtan area disclosed that reported transfers were always not greater than 5 percent 
of other accesuons. Two firms did not even count transfets in thetr turnover figures., 
Hamermesh (1969) also states that the flow of other accessions is composed mainly of 
rehires 
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firms. I turn therefore to the theoretical analysis of this type of un¬ 
employment. 

2. A Model with Temporary Unemployment and Variable Houiv 

The current section presents a model of a firm that can adjust employment 
and hours in response to variations in the demand for its products 
These variations in demand are taken to be random fluctuations 
that arc independent of the aggregate fluctuations in demand and m 
employment 

The firm will be treated as a price taker in its product market. To 
emphasize the role of temporary layoffs, the firm’s employees will be 
assumed to be “permanently” attached to the firm, that is, attached for 
the relevant planning period ‘ ’ For simplicity, a fixed capital stock that 
IS appropriate for this number of employees will also be assumed If the 
labor market is compeutive, the combmaUon of wages, hours, and 
employment offered to these workers must produce as high a level of 
uulity as they could obtain elsewhere Stated somewhat differently, a 
competiUve labor market will result in that combinaUon of wages, hours, 
and employment which maximizes the utility of the workers subject to the 
economic constraints imposed by demand, producUon, the cost of 
capital, and the relevant tax and transfer rules The current model will 
therefore pose the problem as one of maximizing the uubty of the firm’s 
“piermanent” employees Treating the problem of optimal layoffs from 
the point of view of these employees themselves should underscore the 
inappropriateness of the traditional nouon that such layoffs are 
involuntary 

The analysis assumes all employees are idcnUcal and ignores employee 
risk aversion The absence of risk aversion seems a reasonable simplifica¬ 
tion, since the spells of unemployment are both tempiorary and bnef.'* 
With no risk aversion, the variation in demand can be regarded as 
periodic rather than stochastic More specifically, I will study the 
behavior of employment and hours during a “year” when demamd falls 

' ’ To avoid muundenunding, I should emphasize that I regard this as an analytically 
useful limiting case and not as a desenpuon of reality A more realisuc model of a firm 
would have lo recognize a spectrum of workers of varying degree* of atlachment 

‘ • The Current Populauon Survey estimated that the unemployed survey respondent* 
in 1974 had been out of work for an average of 9 7 weeks This substantially oveistates the 
average duration of completed spells of unemploymcni Kaitz (1970) estimated that the 
average durauon of completed spells is only about 65 percent of the average duration 
to survey as estimated by the Current Pt^ulation Survey The duration of temporary 
layoffs IS also substantially shorter than the duration of permanent separations (see 
Feldsiem 1976) 

>• That IB, with no nsk aversion, the mdmduals are concerned only with expected 
values of income and work The random penod of reduced demand can be su mm a ri zed 
by Its expected duration 
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for a fraction A of that year. Each worker bases his consumption during 
the year on his expected net income and uses his assets to smooth any 
difference between actual and expected income.*® 

The current analysis assumes that employed workers are paid the same 
hourly wage rate when demand is low as when it is normal. This 
corresponds roughly to observed experience** and can be justified 
explicitly in the context of the current model Since employees in this 
model are afiiliated with the firm “permanently” and since they use their 
personal assets to stabilize consumption when employment and hours 
vary, the employees (and the firm) are concerned only about the expected 
annual income and not about any pattern of within-year variation.** 
This discussion is m sharp contrast to the analysis of Baily (1974<i) and 
Gordon (1974), who show that wage rates do remain stable if workers are 
nsk averse while firms are nsk neutral The force of their analysis is 
substantially weakened if it is recognized that, because employees can use 
assets to smooth the level of consumption, the potential aversion to risk 
in the form of varying wages will be substantially reduced Moreover, the 
nsk-avoidance logic of the Baily-Gordon model requires that firms 
stabilize real wages where the observed evidence is that money wages may 
adjust slowly to increasing or decreasing prices. The Baily-Gordon model 
IS thus inadequate for the job of explaining the relatively stable money 
wages when prices arc nsing or falling. The actual reason for wage 
stickiness must be sought elsewhere in such things as the desire to avoid 
arbitrary wage changes and to choose the workers who will be permanently 
or temporarily laid off It is clear that the pattern of a nearly permanent 
attachment of each worker to a single firm must play a central role in the 
explanation of the observed wage stability 

The firm’s technology will be represented by a production function 
that recognizes the important distmction between increasing the number 
of employees and increasmg the average hours per employee 

X - G{K, N, h), (2 1) 


A worker who hai 8 weeks of unemployment m a year will find that, because of 
income taxes and unemployment compensation, his annual earnings will fall by sub¬ 
stantially less than 10 percent In families with two earners, total family income will fall 
proporUonately len. Surveys of the unemployed indicate that dissaving and pottpomng 
payments are used to mamtain the level of consumption (sec, c g., Cohen [I960] and 
Lester [1962]) This weak “permanent-income” assumption, 1 e , that workers mamtam 
an effectively constant level of consumpUon, is in sharp contrast to recent models of 
Baily (1974<iJ and Gordon (1974) that emphasize nsk aversion and that assume either 
that employees do not have sufficient assets to smooth their consumption or that they 
base consumption on current income rather than permanent income For the smalysu of 
temporary unemployment, the current assumpuon seems preferable. 

* * In practice, the average hourly earnings of a worker may fall when demand is low 
because overtime is eliminated and because workers are “buiiqied down” mto lower- 
grade jobs 

** Recall that employees are not assumed to be risk averse or, more precisely, that the 
effects of risk aversion are small enough to be ignored 



THEORY OF TEMPORARY LAYOFF! 


943 


where X is the current annual rate of output, N is the number of em¬ 
ployees, h 18 the average hours per employee, and K is the capital stock 
The traditional specification of the labor mput as man-hours {h • N) 
Ignores the fact that an increase in average hours per man also increases 
the flow of capital services This suggests the spieciiication X = G(hK, hN) 
or, with constant returns to scale, X = hG(^K, N). In pracUce, a variation 
m average hours will have a more complex effect Because of the fixed 
Ome involved in starting and stopping work each day, the number of 
effective working hours will increase more than proportionately to the 
number of hours for which a worker is paid Offsetting this is the greater 
fatigue that accompanies long hours It is best, therefore, to use the 
unrestricted form of equation (2 1) 

The variation in the demand for the firm’s product can be described 
by a fall m the price that the firm receives When demand is normal, the 
price is po During a fraction X of the year, the price falls to />, The 
total annual revenue of the firm is thus 

(1 - X)PaXo + Xp^Xy = (1 - A)Po G{K, + Xp, G{K, A,). 

(2 2 ) 

Note that both the onginal number of employees (^o) tltc capital 
stock (K) is fixed 

Workers who arc laid off when demand falls receive unemployment 
insurance benefits at an annual rate of b Total unemployment benefits 
per year are therefore 

B = A6(iVo - Ni) (2 3) 

In the model, as in the United States, these benefits are financed by a 
tax on firms that is related to the previous benefits collected by the firm’s 
employees This system of “experience raUng” is very imjjerfect; many 
firms pay a flat rate of tax per employee that is unaffected by marginal 
changes in unemployment This imperfect expenence raung will be 

In Feldsteui (1967) I ettimated a Cobb-Oouglas producuon funebon with separate 
coefficients of men and houn using an aggregate cross secuon of industncs. The results 
implied that the elasucity of output with respect to average hours exceeds the sum of the 
elasticities with respect to the number of employees and the capital stock 

This model of pnee vanauon can also be regarded as an approxunabon to a more 
realisbc description m which firms respond to lower demand by increasing sales effort or 
accumulating inventories These cost increases arc, for the current purpose, equivalent 
to a reduebon in pnee The model can be modified to allow for a pncc-setung firm that 
experiences a shifting demand curve, pnee setbng does not affect any conclunons of the 
analysts 

^ * Although the exact provisions of the law differ among the states, the usual pattern 
is a tax rate that vanes among firms on the basis of each firm’s past expenence More 
specifically, the tax rate is a decreasing function of the difference between its cumulabve 
tax payments (since the begmning of the unemployment insurance program) and the 
cumulabve benefits paid to its employees (mcluding former employees) A crucial 
feature of the tax schedule is that there is a relabvely low imuomum tax rate and a 
posibve nummum tax rate As a result, many firms with high unemployment rates have 
"negauve balances” in their accounts, i e , have paid less m taxes than their eoqiloyees 
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represented in the current steady<state context by making the tax a 
fraction t of annual benefits plus a constant T. Thus the unemployment 
tax is «£ + 

Since markets are assumed here to be competitive, the firm’s total 
revenue must be exhaustively divided among the cost of capital services^ ^ 
{cK), the aggregate wage bill (W), and the unemployment tax {eB + T). 
From (2.2), this implies 

cK W tB + T = {\ - X)PoG(^K. Nq, h^) + A,). 

(2 4) 

The total income of the Ng permanent employees** is the sum of the 
aggregate wage bill and the unemployment benefits, W B It wage 
income is taxed at rate while unemployment benefits are taxed at rate 
total net income is 

y = (1 - (1 - <,)fi (2 5) 

Before the year begins, each employee has an equal probability of 
becoming unemployed For each employee, the expected net income is 
thus 

> = (1 - g + (1 - g ^ (2 6 ) 

Ng Ng 

Since there is no nsk aversion, this expected income is a sufficient 
desenpuon of the employee’s stochastic income prospect 

The utility of the representative employee will be represented by a 
strongly separable function Utility at each point m time depends only on 
the level of consumption and the amount of work done at that time In 
addition, the instantaneous utility function is separable so that the 
number of working hours does not affect the utility of consumption and 


have received in benehu These hrma with high uncmploynient rates face the maxunum 
tax rate, an increase in layoffs causes no increase in tax payments Similarly, the large 
number of firms with substanUal "positive balances” face the mimmum rate and would 
continue to do so even if their rate of layoffs increased, as long as that increase was not 
too great Becker (1972) presents extensive evidence of the importance of the firms that 
pay no effective marginal tax For example, in New York in 1967 some 59 percent of all 
benefits were related to firms with negative balances while 28 percent of firms paid the 
minunum tax Similarly, in MaMachusetts, 57 percent of beneiiu were related to firms 
with negative balances while 18 percent of firms paid the minimum tax 

For firms at the maximum or mimmum tax rates, s 0. The evidence in the 
previous footnote that more than half of the benefits are paid to such firms in Massachu¬ 
setts and New York implies that the average of the t values is less than one-half in those 
states. 

This includes both the interest cost and depreciation. It is defined as the net after¬ 
tax cost of capital services 

Exclusive of any income from assets that they own Total income refers to the total 
income derived from employment by the firm 

** In the United States, ~ 0 if sales taxes are ignored In Canada and some other 
countries, is the rate of personal income tax ((, imnus the payroll tax rate). 
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the level of consumption does not affect the utility of leisure. Smce 
consumpUon is constant during the year and independent of whether the 
individual becomes unemployed, the utility function can be written*® 

U = u{y) + (1 - ^) v{h^) + A »(A,) + A ~ i/(0) (2 7) 

Because of the competitive labor market, the firm’s problem is to 
select the values of Aq, A,, and N^ that maximize this uulity of the 
representative employee, subject to the constraint implied by equations 
(2 l)-(2 6) The properties of this optimum will now be examined 


3. The Effects of Chsuiges in Demand 

The purpose of this section is to assess how a change in the demand pnee 
{pi) affects employment (A^,) and average hours (A,) The sensiuvity of 
this response to the unemployment insurance and tax parameters will be 
cxaimned. The analysis shows that the current unemployment insurance 
greatly magnifies the effect on employment of changes in demand and 
reduces its effect on hours The analysis also shows that the unemployment 
insurance program may induce unemployment even if there is no fall in 
demand 

The optimum policy of employment and hours is characterized by the 
three first-order condiuons for the maximizauon of uuhty in equation 
(2 7) *‘ 

cAj jVq 

and 

«'(J) + (1 - =0 (3 3) 


(3 1) 
(3 2) 


The utility of consumption is written ii(j') since consumption depends on the steady- 
state net income The separability of the instantaneous utility funcuon implies that 

Ii(ji) «» (1 - 1) = ho) + a{N,ISo) »(j'I * = *i) 

+ il(No - N,)|^o] u(y\h = 0) 

- U' - A) + X(N,INo) -f l[{No - N,)tNo\)u{y) 

Recall that 1 am examining the polar case in which layofls are temporary, to that there 
IS no permanent separation and no job search 

* * There are also two further constraints that Ni ^ Nq and that both A, and ko not 
exceed some upper limit These constraints will generally not be binding and can there¬ 
fore be Ignored Excepuons will be noted below 
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From equaUons (2 2)-(2.6), the denvativcs of average net income with 
respect to employment and hours are 


dNi 





+ s4] 


(1 - t,)bX 



(3 4) 


and 





(3 5) 


Jy 

dho 



(3.6) 


where = dGfdNi, etc The derivatives of income with respect to 
and Aq are simply the marginal revenue product per employee after 
income tax In contrast, the derivative of income with respect to employ¬ 
ment {N^) must be adjusted for the difference between the forgone 
unemployment insurance benefits [(1 — tf,)bXjNQ'\ and the incremental 
net cost of additional experience-rated tax that would have to be paid 
[> 1(1 - QebjN^I 


a) Optimal Employment with Fixed Hours 

Before examining the implications of the conditions for optimal average 
hours, It IS useful to consider the behavior of employment if hours arc 
arbitrarily fixed Substituting equation (3 4) into equation (3 1) and 
rearranging terms yields the first-order condition 


Ghi = 


- [(1 - t,) - (1 - Or]A 

(1 - h) 


k ( 0 ) - v{hi) ~[ 

(1 - tyW{y)y 


This implies that the optimal marginal product of an additional employee 
during the period of reduced demand vanes inversely with the price of 
the product Since this marginal product (Cm) vanes inversely with 
employment {N^), equation (3 7) implies that a fall in decreases iV, 
The magnitude of the change m iV, depends on two factors (1) The net 
unemployment insurance subsidy. 



(3 8) 


IS the value, measured in terms of equivalent pretax earnings, of the 
excess of the net unemployment benefits [(1 — tj)A] over the net cost of 


It u pooible to satisfy (3.7) when pi falb without a reduction in Ni if hi incresMes 
sufficiently. I return to this below Note that (3 7) is a gcneralizauon of the textbook case , 
in which A « /, ■» b( 0) * 0 implies piGm •* —v[hi)ld(y), that is, the marguful 
revenue product of labor equals the duubhty of hours divided by the marginal propensity 
of money 
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the expenence-rated tax [{1 - t,)»b] (2) The value of Iei«ure, 


£.(A.) 


p(0) - p(A|) 

(1 - <,)«'(>) ’ 


(3 9) 


IS the value, measured in terms of pretax earnings, of the ubhty difference 
between no-work [»(0)] and working A, hours [i/(A,)] 

It is useful to consider the empirical magmtudes of these two terms in 
order to have a sense of their potential significance in the analysis that 
follows Consider first the unemployment compensation term As I noted 
above, = 0 in the United States In the large fraction of cases in which 
there is no effective experience rabng, e = 0 and the unemployment 
insurance subsidy is y = i/(l — t^), that is, the value of unemployment 
benefits in terms of equivalent taxable wages In a detailed study of 
unemployment insurance in each state (Feldstein 1974), I found that the 
average value of A/(l — /,) is approximately two-thirds of the average 
gross wage For those firms in which there is full expenence rating, 
e = 1 and the unemployment insurance subsidy is y = /^/(l — <,). The 
relevant margmal income tax rate (/^) includes not only the federal and 
state income tzix rates but also the employer and employee contnbutions 
for social security, a conservative estimate of the relevant margmal rate 
for unemployment insurance recipients is one-third ** This imphes a 
value of — t^) equal to two-nmths of the gross wage If half of the 
unemployment benehts are paid to those with e = 0 and half to those 
with e = I, the overall average of the unemployment insurance subsidy 
is approximately four-ninths, or nearly 50 piercent of the correspondmg 
gross wage 

The relative value of leisure, [i'(O) — i'(Ai)]/(l — t^)u'(y), is harder to 
assess For many, such leisure has little or no value For others, a short 
spell of leisure may be worth as much as the lost earnings Gordon (1973) 
estimated that the value of waiting time and search time during unem¬ 
ployment was equal to only 53 cents per hour for 1971 Because search 
is irrelevant in our analysis, this represents an overestimate of the value 
of waiting time during temporary layoff But even 53 cents per hour for 
40 hours per week and a marginal income tax rate of t, = 1/3 imply a 
value of [p(0) - «(Ai)]/(l — = 532, or less than 40 percent of 

the corresponding gross wage This calculaUon suggests that, on 


” For temporary layoffi, the relevant tax includes the empdoyer’s social secunty tax 
as well as the employee's Any family that pays federal income tax therefore has a com¬ 
bined marginal rate of at least 26 percent In Massachusetts, a ianuly with $4,000 of 
taxable income would pay a combined rate (including state income tax) of 33 percent 
The average 1971 gross weekly wage in pnvate nonagncultural employment was 
$127 28 Stein (1963) esumaled that the unemployed earn substantially less than all 
employees, Gordon (1973) updated h« figures and concluded that the unemployed had 
previoiisly earned only 69 percent of the aveiage wage Thu unpiiei a wage of $88 and 
therefore a relative value of leisure of 39 percent 
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average, the unemployment compensation subsidy exceeds the value of 
leisure and, in Arms where there is no marginal experience rating, the 
subsidy may be nearly twice the value of leisure. This implies that, on 
average, the unemployment insurance subsidy more than doubles the 
impact of a change m on the optimal marginal product of employment 
Where there is no marginal experience-rated tax (s = 0), unemployment 
insurance increases the change in Gjv to more than three times what it 
would otherwise be 

With these order-of-magnitude calculations as background, let us 
consider the implications of (3 7) in more detail. Note first the obvious 
imphcauon that it is optimal to maintain full employment (A^j »» iVo) 
if the unemployment program provides no net subsidy [(1 — t,,)b =■ 
(1 — and there is no disutility of work [t'(O) = i'(Ai)]. With these 
conditions, the nght-hand side of equation (3 7) is zero Taken literally, 
this implies that employment should be expanded indefinitely until the 
marginal product of labor is driven to zero Correctly interpreted, this 
implies expansion of unemployment until the constraint A^, <, A^q 
becomes binding 

The opposite extreme, in which it is desirable to lay off all the 
employees during the period of reduced demand, is also interesting to 
exanune. Let G^i(O) be the marginal product of the last employee.*® 
Then A^, = 0 is optimal if 

(0) < ML, (310) 

(1 - g (1 - 

that is, if the marginal revenue product is less than the combined value 
of net unemployment insurance benefits and the income equivalent of the 
leisure As I noted above, when s = 0 the unemployment insurance 
subsidy IS equal to approximately two-thirds of the regular gross wage 
Smee this greatly increases the value of the nght-hand side, it makes it 
much more likely that it would be optimal to close the plant temporarily 

Totally differentiating equation (3 7) with respect to JV, and pi for 
gi\eny yields (with = d^GjdN\) 


dN, _ -G^ - [11(0) - • (dyidp,) 

dp, P,G„s + MO) - t-(A,)]/[{! - g«'(jv)] K(>)/«'(-V)] • {dyIdN,) 

(3 11) 


If u" = 0, It follows directly from the technological properties {G^ > 0 
and Gjyjy < 0) that dNJdpi > 0, that is, that a fall in demand will 
decrease employment If u” < 0, the second term is also negative so that 


Or, to be more realistic, the avera^ product of the smaUest number of employees, 
who can tedmologicaUy be employed. 
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the conclusion is unchanged ** The analysis that follows will be simplified 
by assuming a constent marginal uuhty of income, «' > 0 and a* = 0. 

With this assumption, it also follows from totally differentiating (3 7) 
with respect to N^ and J that 


TT = - < 0 

Pfins 


(3 12) 


Increasing the unemployment insurance subsidy reduces employment at 
any level of reduced demand 

An example based on a Cobb-Douglas technology will illustrate the 
order of magnitude of this effect Since as well as K is temporarily 
regarded as fixed, the Cobb-Douglas production function can be written 
G = aNl The first-order condition of equation (3 7) thus becomes 

aaN"-^ = ~ ~ ~ ^ p(0) - v{hi) 

' L (1 - g (1 - <r)«'(>), 

or 

N = ~ ~ (t ~ , t>(0) - ^(^i) 1i/a-«ui/(i-«) 

L (I - 0 0 - t,)u'U)] 

(3 14) 

The Cobb-Douglas technology therefore imphcs a constant elasticity of 
employment with respect to the price during the penod of reduced 
demand 

Of greater interest is the effect of the unemployment insurance subsidy 
on this level of unemployment Note that at any value of />, there is a 
constant elasticity relation between N^ and the sum of the insurance 
subsidy and the value of leisure 


PT' (3 13) 


y + m sN, ^ 

Af, d{J + L{h)) 1 - a 

This implies that the current unemployment insurance subsidy is likely 
to have a substanUal effect on the level of employment dunng the period 
of reduced demand Most empincal estimates place a at two-thirds or 
higher This makes the elasticity of with resjsect to y -f- L(Ji) equal to 
— 3 or greater I noted above that J is probably greater than L{h) on 
average and may be twice as great for firms in which there is no effective 
experience raUng (< = 0) Even J = L[h.) implies that the current 
unemployment insurance subsidy doubles J -I- L{h) and, with an 


** Thu anume* that iyldNi > 0, i e , that more employment mcreaaet avenge 
income Thu must be true at an opumum, unce more employment reduces leisure. 
Although for parucular uidividuals iy]dNi < 0 because the unemployment insurance 
subsidy exceeds the net wage (see examples in Feldsiein [1974]), for the firm’s employees 
M A whole will not be true 
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elRsdcity of —3, reduces N^ to one-eighth of the value that would be 
optimal with no unemployment insurance subsidy. The effect of the 
subsidy is thus to reduce optimal employment drastically.^^ 

It is interesting also to examine the elasticity of Ny with respect to J 
for y > 0 Equation (3.15) implies 


±5^ _}_ J 

Ni SJ 1 _ a y -I- ^h^) ■ 


(3.16) 


With « = 2/3 and J = L{h), this yields an elasticity of employment 
during the period of reduced demand with respect to the unemployment 
insurance subsidy of — 1 5 From the defimdon m equation (3 8), it is 
clear that a 10 percent increase in the benefit level implies a 10 percent 
increase in y and therefore a 15 percent decrease in employment Making 
unemployment compensation taxable like ordinary income would reduce 
y by at least 1 OOt, percent, ^ * with = 0 3, y is cut by at least 30 percent 
and therefore increases by at least 45 percent ** Similarly, introducing 
experience rating (raising the value of e from aero to « > 0) reduces J 
by 100(1 — <,)«/(! — tfc), with = 0, /^ = 0 3, and « = 1, y falls by 
70 percent and optimal employment doubles 

It should be emphasized that these conclusions rest on the assumption 
that working hours are institutionally fixed, unable to respond to changes 
in demand, and unaffected by the existence of the unemployment 
insurance subsidy It is now time to examine the implicabons of dropping 
that assumption 


b) Optimal Working flours and Employment 

When hours as well as the number of workers can be varied, the response 
to a fall in demand is much more complex It may be optimal for the firm 
to reduce either employment or hours or both, and, more surprisingly, it 
may be optimal for the firm to increase either one of these The optimal 

Note that equation (311) shows that N, < No even if J ^ 0 Two caveats should 
also be noted First, the average condiuon that J is approximately equal to £(A) may 
not be representauve of any particular firm For those firms with r «> 1, I noted above 
that J IS approximately two-mnths of grots wages or approximately half of the value of 
L(A) assiun^ here For such firms, the cxutence of J > 0 reduces JVi by a factor of 
(9/11)* = 0 55 In contrast, for firms with t = 0, the effect is even greater than the 
reduction indicated in the text Second, the impUed changes in employment do not refer 
to all of the employees of a firm but only to those who produce that particular product 
for which demand has temporarily fallen Temporary layofis for particular types of 
workers are consistent with an observed relatively high overall level of employment 
*'Wilhs = 0,yu reduced from 5/(1 — f,) to 5, thisimpliesa proporuonate reducUon 
of I, With s > 0, the reducuon in J is larger 

** This increase in may make Nt > No and therefore imply full employment. 

See n 39 above 

* ‘ Of course, the constraint s Nq may be bmding and may thus induce a decresue 
m A, that would not otherwise be opumal Similarly, if there is a constraint that permits 
hours to be reduced but not increased (A, £ Ag), this constraint may be binding, the* 
problem is then equivalent to the fixed-houn case of Sec 3 1 For a different model of the 
determination of working hours with special reference to overUme, see Flemming (1974) 
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behavior will depend on the projjerties of the production function and on 
the individuaU’ preferences for leisure This section will examine this 
ambig^ty and will assess the effect of the unemployment insurance 
subsidy on both employment and hours 

The first-order condition for average hours during the period of 
reduced demand is, from equations (3 2) and (3 5), 


G*. = 


(1 - l,)u’{y)pi 


(3 17) 


Since GhijN^ is the marginal product per employed worker of increasing 
average hours, equation (3 17) states that the utility of the after-tax 
marginal revenue product per employed worker [ii'{^)(l — <,)A^*i/-^i] 
IS equal to the marginal utility of additional leisure [ —»'(^i)] Note that, 
although the equilibrium condiUon is not directly affected by the 
unemployment insurance subsidy, it is affected indirectly Since the 
subsidy changes it directly alters the right-hand side of (3 17) and 
also changes the values of G.i at every level of A, The net effect of the 
subsidy on optimal hours can only be determined by examining the joint 
optimum of hours and employment 

First, however, it is necessary to consider the optimum average hours 
during the pienod of normal demand From equations (3 3) and (3 6), the 
first-order condition is 


Gko — 


(1 - t,)u'{y)po 


(3 18) 


The interpretation of this equation is also straightforward the uUhty of 
the after-tax marginal revenue product of increasing average hours must 
equal the marginal utility of additional leisure The most important 
implication is that, if the marginal utility of income is constant 
[u"{y) = 0], the optimal number of hours during the jjeriod of normal 
demand is not affected by the magnitude of the unemployment insurance 
subsidy or by the response to the fall in demand This dccompiosition of 
the optimum conditions permits us to focus on the two first-order 
conditions for and Aj, equations (3 7) and 3 17) 

To assess the effects of changes in demand (/>,) and in the unemploy¬ 
ment insurance subsidy (J), we totally differenuate these equations and 
obtain 


(1 - t,)u'(y)p^G„^dN, + [(1 - t,)u'{y)p,C^, + V{h,)]dh, 

= (dj - G^dp,){l - t^)u{y) (3 19) 

and 


[(1 - + ^'(^)] 

+ [(1 - + Ny{h^]]dh^ 

= -(1 - t,)u{y)G,dp, 


(3 20) 
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Consider first the effect of a change in the unemployment insurance 
subsidy at any level of reduced demand (pi). Solving these two equations 


yields 

dNy 

_ PiGkk + A'i‘'"(Ai)(l - 1 


(3 21) 


dj 

A 


and 

dk, 

_ ~PiGsk ~ *'’(^i)(l ~ 


(3 22) 


dJ 


f 


A 



where A is the determmant of the coefficients of equations (3 19) and 
(3 20) and is positive as a necessary second-order condition for the 
maximization of uUhty in equation (2 7) 

Since (1 — ty)u'{y)Pi + A\»"(;4j) < 0 is also a necessary second- 
order condition, dNifdJ is unambiguously negative The result of the 
previous secuon, that an increase in the unemployment insurance 
subsidy decreases employment, remains true even when hours are 
allowed to adjust Moreover, since (1 — t^u'{y)pi Guk + »'(Ai) < 0,'*^ 
equation (3 22) shows that the unemployment insurance subsidy increases 
the average hours per worker during the period of reduced demand 
Thus, unemployment insurance exacerbates the effect of demand on 
employment and increases the incentive to use layoffs rather than shorter 
hours for any given reduction in man-hours 
Although the effect of the unemployment insurance subsidy is 
unambiguous, the effect of a change in demand cannot be determined 
without further restriction Equations (3 19) and (3 20) imply 

-[(1 - t>'{y)P,G^ -h 

A 

(3 23) 

_l_ [(1 - + t''(^i)]g<,i 

A 

[(1 - + t>'(A,)]g^. 

A 

(3 24) 

_ (1 - ^j)«'(y)Pi(^fif/Gki 

A 

Since the denominators arc posiuvc, the signs of the opumal changes in 
Aj and A, depend on the rclauvc magnitudes of the posiuve and negative 

It i> easy to show that thi> inequakty is true Recall from equation (3 17) that 
(1 — l,)u'{;>)ptCt -I- N,v'{h,) = 0 Dividing by JVi > 0 and recognizing that GtlS > 
Gsw follow! from the decrcaiing retiimt to variations in employment alone yield 

(1 - t,)u'{y)ptGM + < (I - t,)u'[y)PiG»N;' + B'{h,) m 0 , 

at required 


dpi 


1^ _ 


and 


dh^ 
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terms in the numerator. This depends on both the technological conditions 
and the employees’ preferences for leisure Without further restricUon, it 
it possible to eliminate only the combination dNJdpi < 0 and dh^jdPi < 0, 
that is, that a decrease in price raises both employment and hours ** Of 
course, dNJdpi < 0 violates the restncuon S No and actually 
results in a change in hi only ]Vhat can be said unequivocally is that the 
unemployment insurance subsidy increases the likelihood of a fall in employment and 
magnifies the size of any unemployment that occurs 
Finally, it is interesung to note that, even with no fall in demand, the 
presence of the unemployment subsidy makes it optimal to have a period 
of feigned unemployment, an unemployment insurance holiday This is 
easily seen in the basic first-order condiUon for employment, equation 
(3 7) Even if p^ = Pg, the possibility of obtaining a subsidy at rate f for 
some part of the year (f > 0) implies that it is optimal to increase G,, 
during those weeks, that is, to reduce employment Moreover, cquaUon 
(3 21) shows that dN^fdf < 0 even if^, = pg, that is, any increase in the 
unemployment insurance subsidy increases the opumal unemployment 
insurance holiday 


4. Some Further Implications 

The analysis of Sections 2 and 3 is essentially nucroeconomic, focusing on 
the behavior of the individual firm and its employees The macroeconomic 
implications of this pattern of temporary layoffs and the scope for a 
reform of unemployment insurance to achieve macroeconomic goals will 
be considered briefly in this section 


a) Macroeconomic Effects of Unemployment Insurance 

The analysis in this paper implies that, under the economic condiuons 
that have prevailed in the postwar penod, our current system of 
unemployment compensation is likely to have increased the average rate 
of unemployment The usual presumpuon, that unemployment compen¬ 
sation reduces unemployment because it automatically increases govern¬ 
ment spendmg when unemployment rises, is really irrelevant When the 
economy is experiencing the average high “permanent” rate of unem¬ 
ployment, that IS, when there is neither a cyclical peak nor a cyclical 
trough, the unemployment insurance system collects as much in tax 

**Nole that < 0 implies —Cw{(l - + A'le'lAi)] < 

-Gi,[(l - t,)u'{y)ptGsk + v'{k)]vfhi\c<iltdiip, < Oimplies -C„(I - < 

-C«[(l - t,)u'(y)PiGi,» + r'C*)} Since all four terms are poulive, this impkcs that the 
product of the two smaller pans of the inequaliucs is leas than the product of the two 
larger parts After factoring out this is equivalent to A < 0, which is fabe There¬ 

fore, dNijdpi and dhijdPi cannot both be negative 
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revenue as it pays out in benefits. Although benefits do exceed tax 
revenues during cyclical downturns, the same fiscal stimulus would be 
provided through other expenditure increases or tax cuts by a government 
committed to mamtaimng aggregate demand The primary efiect of our 
current system of unemployment compensation is not its contribution to 
aggregate demand but its adverse impact on the incenUves of employers 
and employees 

Section 3 shows explicitly how the unemployment insurance subsidy 
increases the change in unemployment that follows any change in 
demand If the subsidy were reduced to zero, the induced temporary 
unemployment would be eliminated. At this point, the reader may well 
be puzzled if demand falls by as much but there is a smaller reduction 
in employment, will there not be extra output that is not purchased’^* 
The puzzle is easily solved Note first that it is clear that an increase in 
the supply of labor will, by Walras’s law, result in demand for the 
additional output unless monetary policy does not provide adequate 
support for the new level of income What is the microeconomic process 
by which this occurs^ 

Clearly, if the firm's demand fluctuates during the year and us rate of 
output IS nevertheless determined by a higher level of employment than 
IS optimal for the periods of reduced demand, the firm will have to 
maintain an inventory that increases during the periods of reduced 
demand In order to reduce the inventory when demand returns to the 
“normal” level,** the full employment output of the firm must be less 
than the normal level of demand The immediate consequence of this is 
to require the firm to reduce the permanent size of its labor force below 
the current level of Aq Two things should be noted First, the workers 
who are dismissed in this process would find jobs in other firms, this is a 
consequence of the full employment assured by Walras’s law Second, and 
more important, if every firm shares proportionately in the increased 
demand that results from increased employment, each firm will be able 
to retain its original Nq workers and to employ them with a lower average 
rate of unemployment Any actual dismissals (and hires by other firms) 
would occur only because of the second-order effects of a nonproportional 
expansion of demand In short, there is no problem in achieving the 
additional demand required to support the increased supply of labor 

The current analysis is clearly related to recent evidence that “the 
Phillips curve has shifted outward” or, alternatively, that the “critical 

** I.et me emphasize again that it is the unemployment insurance luistdjf {J > 0) 
and not unemployment insurance itself (b > 0) that causes the increase in temporary 
layoA 

' ’ 11 IS of course true that a fall in average hours caused by this reduced unemployment 
will reduce output But the problem remains if hours aie institutionally fixed The solution 
to be desenbed is valid in either case. 

** I assume here, as in the previous secuons, that demand vanes between “normal” 
and “low ” 
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level of unemployment at which the rate of inflation begms to accelerate 
has increased. ^ There has been much emphasis on the changing 
demographic structure of the labor force as a reason for this shift of the 
Phillips curve. However, these demographic changes do not account fully 
for this shift. Moreover, these calculations fail to reflect other changes in 
labor force composition that would lead to lower unemployment rates, 
for example, the growing share of college-educated employees or the 
increasing share of workers who are employed in the government sector. 

The increasing unemployment insurance subsidy is a potentially 
important cause of the rising trend in unemployment rates and the 
apparent shift of the Phillipis curve Maximum weekly benefits have been 
rising more rapidly than wages during the past decade More significantly, 
the relevant marginal tax rate (/^) paid by those who are likely to become 
unemployed has also risen rapidly, espiccially because of the growth of the 
soaal security tax (from a rate of 6 0 percent on the first $4,800 of earmngs 
in 1960 to a rate of 11 7 percent on the first $14,100 in 1975) and of sUte 
and local income taxes The impact of this growing subsidy on the 
Phillips curve clearly deserves further empirical analysis 


5. Conclusion 

The overwhelming importance of temporary layoffs requires a revision of 
the basic conceptual framework within which layoffs and unemployment 
are now discussed This paper shows that the usual dichotomy between 
quits as voluntary separations and layoffs as involuntary is often wrong 
The common model of job search is relevant to understanding the 
behavior of those who quit their last job or who are entering the labor 
force, but it is not generally helpful for analyzing the expienence of those 
who arc laid off For most of this group, unlike the searchers, the return 
to work IS not the result of a voluntary deasion by the employee but of 
recall by the employer 

And yet, as I stress by the technique of usmg a model that maximizes 
the uUhty of the representative employee, the optimal pattern or rules for 
temporary layoffs are part of the voluntary piackage of wages, hours, and 
work-shanng rules that employees choose or for which they bargam Any 
particular spell of unemployment may be both involuntary and loudly 
protested, even though the decision rule that led to the layoff may have 
been chosen by the employees 

1 put these two formulsUoiu in quotauon marks to avoid taking sides in the debate 
over whether there is a nonvcrtical Phiikps curve over at least some of the range. I will 
use the tvm formuUuons interchangeably in what follows. Phelps (1972) summanaes the 
evidence that the curve has been shifting, while Hall (1974) provides an esumatc that 
that cnucal level of unemployment for a stable level of mflauon has reached 5.5 percent. 

** In uang this broad definition of vrfuntary unemployment, I do not widi to in^y 
that there is no involuntary uneraploymenl. There are clearly drcunutaiicct in udiich, 
by any defimuon, there is involuntary unemployment 
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The employees' preference for the existing pattern of temporary 
layoffs is, of course, a preference that has been shaped by the unemploy¬ 
ment insurjince subsidy. There is nothing natural or optimal about the 
resulting high rate of unemployment. The current analysis shows that the 
unemployment insurance subsidy has a potentially very large impact on 
the rate of unemployment, causing layoffs when they would not otherwise 
happen and substantially magnifying the size of the layoffs that do occur 
It IS important to emphasize that it is not unemployment insurance per se 
but the subsidy that it currently entails that causes this adverse distortion. 
If there were full experience rating in the unemployment insurance tax 
(e = 1) and if benefits were taxed like other income (/» = ty), the subsidy 
to temporary layoffs would be eliminated {J = 0) Unemployment 
insurance could then continue to provide protection for those who are 
temporarily laid off without any distoruon in their behavior ** 

About half the adult unemployed at any time have been laid off. 
Among men aged 25-64, the fraction of layoffs rises to nearly three- 
fourths. The evidence presented in Section 1 of this paper indicates that 
most of this group of unemployed return to their original employers after 
a short spell of unemployment The model of temporary layoffs derived 
here indicates that the unemployment insurance subsidy may be 
responsible for a very high fraction of such layoffs If these conclusions are 
supported in future research, they will point the way to a reform of 
unemployment insurance that could substantially lower the permanent 
rate of unemployment without reducing the protection that is available 
to those who are without work 
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A translog normalized restricted pro6t function is used to study the 
characteristics of the production function for electric energy 1 he results 
indicate that fuel choice in existing steam electric plants responds to 
changes in fuel prices The production function is also tested for sep¬ 
arability of fuels from capital and labor, homotheticity, returns to scale, 
and embodied technical change 


1. Introduction 

Recent increases in energy prices and interruptions in energy supplies 
have led to increased interest in the characteristics of energy demand In 
particular, more information is desired concerning the extent to which 
market forces bring about optimal short-run reallocations of fossil fuels 
This paper examines the demand for fossil fuels by electric utilities, which 
accounted for 66 percent of coal, 8 percent of oil, and 19 pierccnt of 
natural gas consumed as fuel in the United States m 1971 * The results 
include estimates of all own and cross elasticities of demand and substi¬ 
tution for fuels The paper also investigates other aspiects of the production 
process, including separability of fuels from other inputs, homotheticity, 
returns to scale, and technical change 

Research for this paper was supported by the Office of Energy Systems, Federal Energy 
Admimstration \Vc are grateful to Ernst R Bcmdt and LauTcnce J Lau for comments 
on an earlier version of this paper and arc especially grateful to David Nisscn for his 
advice and cncouragcmcnl throughout the course ol our research We retain responsibility 
for any remaining errors Views expressed in the paper arc ours and do not reflect m any 
way policies of the Federal Energy Adminislration 

* U S Bureau of the Census (1973, p 657) 

(yannw/ ^ 1976, vol B4 no 5 ] 

C ^ Univenily of Chicnso AU rights rmrwd 
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There have been a large number of econometric studies of steam electric 
power generation (see Nordin 1947; Lomax 1952; lulo 1961; Komiya 
1962, Ncrlove 1963, Barzel 1963, 1964; Dhrymes and Kurz 1964; 
Ling 1964; McFadden 1964, Galatm 1968, Behnfante 1969, Cowing 
1970; Fuss 1970,1971, Lawrence 1972, Greene 1974,Joskow and Mishkin 
1974) However, previous studies suffer from several shortcomings. 
First, all types of fuel have been aggregated into a single fuel input, 
precluding the possibility of estimating elasticities of substitution between 
fuels.* The validity of using a fuel aggregator has not previously been 
tested Second, production possibilities have been specified by restrictive 
functional forms, imposing severe a prion constraints on elasticities of 
substitution as well as other characteristics of the production process.* 
Fmally, previous studies have generally assumed a putty-clay technology, 
again placing unduly severe restnctions on factor substitution * 

The present study directly addresses these issues Coal, oil, and gas arc 
treated as different inputs Instead of assuming a consistent fuel aggregator, 
we test for its existence To avoid imposing a priori restnctions on the 
characteristics of production, a transcendental logarithmic profit function 
IS estimated Duality theory allows characteristics of the production func¬ 
tion to be deduced from the estimated profit function. Finally, a putty- 
clay technology is not assumed for fuel substitution * 

As discussed in later sections, our model does not incorporate all of the 
considcrauons affecting production decisions in electric power generation 
Also, the quality of the data for some variables is quite poor As a result, 
not all of the conditions implied by economic theory are satisfied by the 
estimated equations Therefore, while the study illustrates the application 
of a promising new methodology for research on production processes, 
our specific findmgs have to be considered as only tentative 

Given this caveat, our results indicate that (1) substantial ex post 
substitution exists between fuels, (2) conditions for consistent aggregation 
of fuels are not in general satisfied, (3) the production function is pre¬ 
dominately homothetic, (4) electnc jxiwer production is not characterized 
by strongly increasing returns to scale, and (5) shifts in production func¬ 
tions due to embodied technical progress have been slight 

Section 2 discusses the transcendental logarithmic profit function and 

the hypotheses to be tested Estimation of the profit function and factor 

» 

* Exceptions are Lawrence (1972) and Joskow and Mishkin (1974) Lawrence used a 
branched CES production function to analyze interfucl substitution separately from 
capital and labor but did not test for the validity of this approach Joskow and Mishkin 
assumed that there are a limited number of fixed-coefficient technologies available to 
utihties and used a logit model 

* Fuss (1971) is an excepuon 

*Agam, Fuss (1971) is an exception He tested putty-seiniputty, putty-clay, and 
clay-clay hypothcMa. 

* However, capital and labor are assumed to be fixed inputs ex post. 
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demand functions is discussed m Section 3 EsUmatcd elasticities of demand 
and substitution and results of the tests of hypotheses arc summarized 
in Section 4. Section 5 contains concluding comments 

2. The Model 

The quantity of electric energy produced by a plant is assumed to be a 
lunction of variable and fixed inputs, 

E = Fix, Z) 

= ■'='{^ 1 . , Z„ , Z,), 

where E is electric energy and X and Z are vectors of vanable and fixed 
inputs, respectively Rather than estimate the production function directly, 
we estimate a normalized restricted profit function from which the proper¬ 
ties of the underlying production function can be derived using duality 
theory 

Normalized restricted profit is defined as 

F(X, Z) - £ P,X„ 

1 

where P^ is the price of input 1 divided by the price of output Let 

n = F{x*, z) - £ p,x*, 

I »1 

where the asterisk indicates that the quantities of X arc chosen to maximize 
normalized restricted profit Thus, 

n = nC/*, Z) 

= n(/’i, , p„, Zj, , z„) 

The specification of the restricted profit function is chosen to be 

n = n(T„/'„T3,z.,z„Z3), 

where /*, = the price of coal, = the pnee of oil, P^ = the price of 
gas, Z, = capital service input, Zj = labor input, Z 3 = the vintage 
of the capital, and all prices arc normalized b\ dividing by the price of 
output 

Estimation of a restricted profit function with capital as a fixed input 
avoids the necessity of modeling the effect of rate-of-retum reguiauon 
on input choice ^ Labor is treated as a fixed input because adequate 
data are not available on labor prices The assumption that capital and 
labor are fixed inputs in existing plants is consistent with previous studies 

* It has been ahown that profit maximizaUon subject to a rate-of-rctum constnunt 
results in greater use of capital than would lesult hooi cost nuninuzauon (sec Avcrch 
and Johnson 1962, Baumol and KJevonck 1970, CourviUe 1974, and Spann 1974). 
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which assumed a putty-clay technology.’ The use of a restneted profit 
function would be appropriate even if these inputs were not fixed.* 
However, our assumption that the arguments of the profit function are 
exogenous would not be satisfied and parameter estimates would not be 
consistent * 

The restricted profit function provides a convenient model for analyzing 
the effect of price changes on fuel choice However, it does not explicitly 
reflect two nonprice influences on fuel choice The first is the effect of 
environmental restrictions that exist in some areas The second is the 
effect of changes in the temporal pattern of demand on fuel usage in 
plants which utilize different fuels for base-load and peak generation 
These factors may have a significant effect on fuel choice, but data 
restrictions prevented their being incorporated into the model 

A number of flexible functional forms of the normalized restricted 
profit function could be estimated The one used here is the transcendental 
logarithmic (translog) 

3 ,33 

In n = ao -h a, In P, + - 53 X) Vis 1’’ 

/*! 1 i»J 

+ i; Z «5y »n ^1 2, (1) 

1=1 y=l 

+ T.P,lnZj + lj2il<l>jk In Zj In Z», 

>-i j-i t- 1 

where y„, = y*, and 4)j^ = <()^j (see Lau 1969, and Christensen, Jorgen¬ 
son, and Lau 1971, 1973) 

By Hotelling’s lemma, 

dUjdP, = - X*, 

where X* is the profit-maximizing amount of input t (see Dicwert 1974a, 
pp 42-45) Using this lemma, we find that logarithmic differentiation 
of the restricted profit function yields demand functions for each input 

a In n dn p, p,xt 

d In Pi dPi n n 

«( + 53 + Z 

(i-i j»i 

where M, is the ratio of expenditures on input i to restricted profits 

'' Fuu concluded that the putty-clay hypothesis could not be rejected for a model 
incorporabng capital, labor, and a fuel aggregate Barzel (1964) and Dhrymes and Kurz 
(1964) present evidence that labor is largely fixed in existing plants 

* If capital and labor arc not fixed, the restricted profit function is interpretable as the 

fint step in a two-step maximizauon, the second step involving maximization with 
respect to capital and labor (see Lau 1974a, pp 9-10) - 

* The normalized fuel pnee variables can be assumed to be exogenous because fuel 
prices are determined in relatively compeUtive markets and the pnee of output is 
determined by regulatory authontiei 
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The own- and cross-pnce elasticities of demand for fuels are readily 
derived from the demand functions The own-price elasticity is defined as 


By Hotelling’s lemma, 


= Ml 

dP, 



Therefore, 


xr 


£n ^ 

^^1 SPi ~ dPf 


^ P, • 3^nidPf ^ -M} - Af, - y„ 

dnjdP, Ml 


Similarly, the cross-pricc elasticity is equal to 

£ =M! _ Ph d^niePidP, _ -M,M, - y., 

'* dP„ X* dnidPi Ml 

Partial elasticities of substitution are defined as' ® 


(3) 

(4) 


1 E- 

/T,, s — — h . s 

-M} -Ml- y,i 

(5a) 

“ Ml “ 

Mf 

/T — ^ E L — 

-MiM, - y,* 

(5b) 

.j. 

A/.Af* 


The partial elasticities of substitution are normalized price elasUciiies, 
where the normalization is chosen such that the elasticities of substitution 
are invariant to the ordering of the factors Therefore, a,,, = O’*, although, 
in general, 

As indicated above, most previous studies have assumed that the 
production technology can be specified m terms of capital, labor, and a 
fuel aggregate " This approach is valid if fuels are weakly separable 
from capital and labor The model estimated here makes it possible 
to test the separability assumption explicitly 


The partial elasticiuci defined here are analogous but not idenUcal to Alien elasuc- 
itiet of suintituUon They differ m two tespecu quanuues rather than pneca of fixed 
factor! are held comtant, and the price rather than the quantity of output u held conilant 
" Sec Nerlove (1963), Barzel (1964), Dhryme* and Kurz (1964), McFadden (1964), 
and Fuaa (1971) 

” In the literature the general procedure i» that, gi^cn fuel consumption and con 
data, the quanuty index is a weighted quanuty sum (c g , total Btu) and the pnee index 
u average coat The use of such a procedure in defining costs is called “strong additive 
pnee aggregation” by Blackorby, Pnmont, and Russell (1975) and requites that the 
production function be groupwise homogeneous and groupwise separable In thu case, 
the rettneted profit function is groupwise homogeneous and groupwise separable in the 
dual prices David Nisien brought this point to our atlenuon 
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The production funcuon is weakly separable with respect to fuels if 


E = Ft/(C. O. G), K, L], 

where E is output,/is a consistent aggregator, and C, 0, G, K, and L are 
coal, oil, gas, capital, and labor, respectively A necessary and sufRcient 
condition for a homogeneous (homothetic) production function to be 
weakly separable with respect to C, O, and G is that the restricted profit 
function be homogeneous (homotheuc) and weakly separable with 
respect to the prices of coal, oil, and gas, ^o> **'*1 La^* 1969, 

pp 19-20) A necessary and sufficient condition for the production 
function to be groupwise homogeneous (homothetic) and g^oupwise 
weakly separable with respect to C, O, and G is that the restricted profit 
function be groupwise homogeneous (homothetic) and groupwise weakly 
separable with respect to P^, P<j, and Pg * ^ 

The restricted profit function will be separable in the prices of fuels 
r and s from the quantity of fixed input l if 


<5r, = = 0, r, r = 1, 2, 3, 

<=1,2, 

(6) 

= ilri = ^ , r, r, A = 1, 2, 3, 

7 = 1,2, 3 

(7) 

Vj* ^ij 




(see Bemdt and Chnstensen 1973i) Restrictions ( 6 ) and (7) will be 
referred to as the linear and nonlinear separabihty restrictions, resjjcc- 
tivcly In the case of nonlinear separability, separability from either 
capital or labor implies separability from both and from capital, labor, 
and vintage 

It should be noted that the separability restrictions arc equivalent to 
equality restrictions on the elasticities of substitution (see Berndt and 
Chnstensen 1973a) The linear separability restrictions imply that the 
elasticities of substitution between fuels and other inputs are equal to 1 , 
<T,, = O',, = 1 , where r and s arc fuel inputs and t is capital or labor 
The nonlinear restrictions imply that the elasticities are equal for all fuel 
inputs but not equal to 1 , <r„ = <r„ # 1 

The production function is homothetic if and only if the restricted 
profit function satisfies the equation 



where J is an arbitrary nonnegative and differentiable function defined 
on the nonnegative real line with J(0) * 0 (see Lau 1974i, pp 4—7) 

“ Diewert (19746) uses the terminology "bomothetically weakly separable” to mAin 
grotqnvise bomothetically weakly separable. 
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Necessary and suffiaent restrictions for the translog function to satisfy 
equation (8) are 

3 2 

A 53 Vir + = <^*r. r = 1. 2, 3, (9a) 

(-1 y-i 

A i + E <!>,. = ^ = 1. 2. (9b) 

(-1 i~i 

where 



din n\ 

d In Pj 


I 

n 


and A 3 - 1 


at the point of approximation ** 

Homotheticity of the production function is of interest for its own sake 
and will be tested for whether or not the restricted profit funcUon is 
separable The production function will also be tested for the more restric¬ 
tive condition of homogeneity The production function is homogeneous 
of degree k, a scalar constant, if and only if the restricted profit function 
satisfies the equation 



which IS a specialization of equation (8j 

When the restricted profit function satisfies (10), J' is a constant every¬ 
where, not just at the point of expansion, and the value of J' is equal 
to the degree of returns to scale, k Since 




<j in equations (9a) and (9b) is equal to zero Thus, homogeneity can be 
tested by adding one additional restriction to those for homotheticity, 
and the degree of returns to scale can be determined by calculanng 

J' = A -*■ 1 

The production function is also tested for groupwisc homotheticity 
and homogeneity The production funcuon is homotheuc in the variable 
inputs if and only if the restricted profit function satisfies 

23 > 1 * = ^ 

<« 1 

The production function is homogeneous of dt^ee * in the variable 
inputs if and only if the restneted profit funcuon is homogeneous of 


'* The point of approunumon u the geometric mean ofthc urople 
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degree —k/(l — /t) in normalized prices (see Lau 1969, pp. 101—2). 
This will be true if and only if 


3 


zj “ 0. A « I, 2, 3 

<-i 

(12a) 

« 

o* 

II 

(12b) 


The normalized restricted profit function can also be used to examine 
the characteristics of technical change in steam electric generation. If the 
production function is homothetic, Hicksian neutrality of the restneted 
profit function implies Hicksian neutrakty of the production function 
(see Lau 1969, pp 45-49) If the production function is not homothetic, 
Hicksian neutrality of the restricted profit function implies that technical 
change is “output augmenting” and “factor saving” at equal rates 
The restneted profit function will be Hicksian neutral if 

Si 3 “0. r = 1, 2, 3, (13a) 

<t>j3 = 0, j = 1, 2 (13b) 

The absence of technical change implies restnctions (13a) and (13b) plus 

<f >33 = 0, (14a) 

/I, = 0 (14b) 


3. Estimation 

The set of equations to be estimated consists of the restneted profit 
equation, (1), and the factor demand equations, (2) A classical additive 
disturbance term is included in each equation to reflect errors in profit- 
maxiimzing behavior 

Because cross-equation restnctions arc impioscd in performing tests of 
hypotheses, the equations are estimated simultaneously The off-diagonal 
elements of the residual covanance matnx can be expected to be nonzero, 
and therefore iterative Zellner-efficient estimation is used * * The estimates 
will be consistent under the assumption that all explanatory variables 
are exogenous 

A normalized restneted profit function is well behaved only if it u 
stnctly decreasing and convex in the normalized pnees and stnctly 
increasing in fixed inputs Lau (1976) has proposed statistical tests for 
monotomcity and convexity, but technical problems in imfiosing the 
reqiured nonnegativity constreunts have prevented their implementation 

‘' Iterative Zetlner-eflicient estimation is equivalent to maximum-Iikelthood eibmauoct 
of a reduced form (see Zellner 1962, Oberhofer and Kmenta 1974). 
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to date Howcv«. some mdicauon of the extent to which the fitted 
rwtncted profit function is well behaved can be obtained by examining 
the regression results for each observation 

The condition that the restricted profit function be strictly decreasing 
in normalized prices is checked by examining the fitted expenditure 
ratios for positivity, since 

dP, n 

and PI and H arc positive for all observations in the sample The condition 
that the restricted profit function be strictly increasing in fixed inputs 
IS checked by calculating 

an n / ^ 3 \ 

+ + j = 1.2. 

for each observation 

Convexity in prices requires that the Hessian of the restricted profit 
function be positive definite for each observation This will be true if and 
only if all principal minors are positive Convexity is checked for each 
observation by determining the signs of the estimated principal minors 
Since it IS not determined if any negative principal minors arc statisucally 
significant, this procedure does not constitute a statistical test of convexity 

The equations are estimated for individual plants using Federal Power 
Commission data for 1972 ' ‘ The prices of fuels are calculated by dividing 
expenditures on each tj-pe of fuel by quantity purchased Therefore, 
plants which used only one type of fuel in 1972 could not be included in 
the sample * ’ The number of plants using all three fuels is too small for 
estimation of the system of profit and demand equations Therefore, 
separate sets of equauons are estimated for each pair of fuels coal-gas, 
coal-oil, and oil-gas 

Each system of equations consists of a normalized restricted profit 
function and two fuel demand equations Derivation of the demand equa¬ 
tions from the profit equation implies 12 equality restrictions relaung the 
coefficients of the demand equation to those of the profit equation In 
order to test whether or not the loss of fit from imposing the equality 
restrictions is significant, the equauons arc esUmated with and without 
the restrictions imposed The results are compared by compuung —2 

' ‘ Data sources are discussed in Appendix B 

* ’ Plants using only trace amounts of one of ihc fuels were alio omitted from the 
sample The direction of the bias, if any, resulung from ihe omission of plants uMPg only 
one type of iiiel is not clear Plants using only one fuel may have gone to the extreme of 
tubaUluung entirely away from other fuels or may not be able to use more than one fuel 
Esumated clasticiucs would be biased downward in the former case and upward m the 
latter case 
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log X, where X is the ratio of the maximum value of the likelihood function 
for the restricted equations to the maximum value of the likelihood 
function for the unrestricted equations This statistic, computed to test 
all restrictions, is distributed asymptotically as chi-squared with degrees 
of freedom equal to the number of restrictions * ® 

Given the equality restrictions, it is neither possible nor necessary to 
test for the symmetry conditions, y,j, = and = 0^^, because 

symmetry docs not impose any additional effective constraints on the 
translog form For example, given the equality restrictions, if symmetry 
IS not imposed, each coefficient y^, is replaced by + yui). Because 

the two nonsymmetne coefficients always appear together, they cannot 
be separately identified, and no loss of fit is entailed in substituting for 
them the single coefficient 

4. Empirical Results 

Parameter estimates and asymptotic standard errors for the set of re¬ 
stricted profit and factor demand equations for each pair of fuels are 
presented in table 1 The number of observations is 31 for the coal-gas 
sample, 17 for the coal-oil sample, and 60 for the oil-gas sample The 
table also shows the value of for each equation, where is computed 
as 1 minus the ratio of the residual sum of squares to the total sum of 
squares and then adjusted for the number of parameters estimated The 
calculated R^s are quite high for cross-section equations fitted with micro¬ 
data However, the standard errors for some parameters are also quite 
large 

The condition that the restricted profit function be decreasing in the 
prices of variable inputs implies that the fitted expenditure ratios should 
be jMsitive All but two of the 62 fitted ratios are positive for the coal- 
gas sample, and all are positive for the oil-gas sample The coal-oil 
sample performs somewhat less well, with six of the 34 fitted ratios negative 

A second condition for a well-behaved restneted profit function is that 
the partial denvativcs of restneted profit with rcsjject to fixed inputs be 
positive The calculated values of the derivative with respect to capital 
are all positive for the three samples The results for the denvauve of 
restneted profit with respiect to labor are less satisfactory Sixteen of the 
calculated denvativcs are negative for the coal-gas and oil-gas samples, 
and eight are negative for the coal-oil sample This may be due to the 
poor quality of the data on labor input, which is measured as average 
number of employees pier year with no adjustment for the number of 
hours worked pier employee 

‘' Bemdt and Savin (1974) examine ahemauve test itatuUcs in the multivanate Imea* 
regiCMion model and find that the value of the hkeUhood-rauo test statistic hei between 
the values of the Wald and Lagrange multiplier test statistics 
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Ck>AL>GAs Sample 

CoAiyOiL Sample 

Oil-Gas Sample 

Parameter 

Estimate 

SE 

Estimate 

bE 

Esumate 

SE 

Olo 

62 765 

27 655 

-59 843 

41 160 

-U 218 

23.869 


0 658 

0 398 

1 291 

0 758 






-6 049 

I 668 

1 405 

0 653 

«s 

-0 422 

0 289 



0 351 

0 452 

yii 

-0 263 

0 048 

-0 024 

0 082 



yaa 



0064 

0 163 

0 073 

0 061 

yj3 

0 023 

0 030 



-0 324 

0 052 

YiS 

-0046 

0 028 





Y12 



-0 309 

0 058 



yi3 





-0 167 

0 041 

ill 

-0 016 

0 033 

-0 020 

0 045 



di j 

-0 008 

0 038 

-0 025 

0 060 



dis 

0 074 

0 047 

0 044 

0 056 



<5si 



-0 461 

0 154 

0 085 

0.042 

^12 



0 551 

0 135 

-0 144 

0 062 

^23 



1 028 

0 212 

-0 055 

0 065 


0 003 

0 024 



-0011 

0 029 


0 021 

0 027 



0 083 

0 041 

dsi 

0 058 

0 034 



0 044 

0 043 

fit 

3 405 

3 671 

-4 378 

2 293 

-4 452 

3 116 

02 

-5 428 

4 842 

15 791 

7 076 

5 387 

4 756 

02 

-15 736 

6508 

3 410 

3 116 

5 427 

4 970 

dll 

-0 061 

0 318 

0 295 

0 186 

-0 573 

0.298 

dsi 

0 107 

0 426 

-1 591 

0 636 

-0 571 

0486 

dss 

1 034 

0 743 

-0 563 

0 281 

-0 358 

0 642 

dis 

-0 866 

0 483 

-0 150 

0 257 

0 606 

0364 

dis 

0 025 

0 347 

0 469 

0 235 

0 586 

0 331 

dss 

1 449 

0 613 

-0411 

0 283 

-0 655 

0 503 




Equation 



Profit 

0 95 


096 


089 


Coal 

0 75 


0 69 




Oil 



044 


0 17 


Gas 

0 37 




040 



Convexity of the restricted profit function is checked by determining 
whether the values of the pnncipal minors of the estimated Hessian arc 
positive Negative v'alucs were lound for nine observations in the coal-gas 
sample, 10 in the coal-oil sample, and 51 in the oil-gas sample ” Thus, it 
appears that the restricted profit function fails to satisf> the convexity 
condition for a substantial number of observations Since convexity is 
implied by the assumption of profit maximization, this is a serious weakness 
in the performance of the model Tests of the equality restrictions relating 
parameters in the profit and demand equations also cast doubt on the 
jjerformance of the model These restrictions, which- are also imfilied 

I * The total number of pnncipal minon 15 62 for ihr coal-gas sample, 34 for the coal- 
oil sample, and 120 for ihe oil-gai sample 
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by profit maximization, were rejected for the coal-gas and coal-oil 
samples.^® 

There are several possible reasons for the problems with convexity and 
equality As discussed above, the model does not explicitly incorporate 
the effects on fuel choice of environmental rcstnctions or of changes in 
plant load factors Also, there are serious weaknesses in the data used 
In particular, output price for each plant had to be approximated by 
dividing the firm’s total revenue minus transmission and distribution 
expenses by total sales This measure of the value of output can be 
expected to result in an overstatement of normalized restricted profit 
for some plants and an understatement for others Last, the cross-section 
data used may include observations that arc too far from the point of 
approximation of the translog function to the true profit function These 
shortcomings should be kept in mind in evaluating the results presented 
below 

Estimated elasticities of demand and substitution, evaluated at the 
means of the data, are shown in table 2 Own-price elasticities should be 
negative and the cross-price elasticities should be positive if fuels are 
subsututes Eleven of the 12 price elasticities in table 2 have the appropriate 
sign, of which 10 are significant at the 5 percent level The own-price 
elasticity for gas in the oil-gas sample has an incorrect sign but is in¬ 
significant Eight of the nine elasticities of substitution have the correct 
sign, and seven of these are significant The own elasticity for gas in the 
oil-gas sample again has an incorrect sign but is insignificant 

Estimated price elasticities and elasticities of substitution for individual 
plants are presented in Tables A1 and A2 Plants are listed in increasing 
order of size For brevity, estimated elasticities are shown for only odd- 
numbered plants The values of the estimates for individual plants arc 
siimlar to the elasticities evaluated at the means of the data There are 
few extreme values The total number of estimated pnee elasticities is 
432, and all but 69 have the appropriate signs There arc a total of 324 
elasticities of substitution, of which all but 68 have the correct signs The 
mcorrcct signs for some elasticities reflect the apparent failure of the 
profit function to be convex for all observations 

As indicated by the size of the standard errors shown m table 2, some of 
the estimates of the pnee elasucities and elasticities of substitution have 
large confidence intervals However, their general magnitudes arc 
consistent with the hyjiothesis that fuels are substantially but not perfectly 
substitutable in existing steam electric plants 

The results of statistical tests of joint hypotheses concerning other 
charactenstics of the production function are summanzed m table 3. 
An upper bound for the overall significance level for the group of test\ 

*** The test statisUci were 34 3 for coal-gai, 257.1 for coal-oil, and 16 4 for oil-gas 
The cntical value at the 01 level ii 26 2 
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Coal-Gai 

Coal-Oil 

Oil-Gai 

Pnce EUstiotica of Demand^ 

Ecc = -0 43* 

(0 16) 

Ecc = -1 15* 

(0 33) 

Eoo » -1 60* 
(0.36) 

^CO “ ® 

(0.47) 

Eco =• 0 99* 

(0 24) 

Eoo - 0 76* 

(0 24) 

Eoc - 0 45* 

(0 10) 

Eoc = > 01* 

(0.24) 

Eoo = 0.58* 

(0 18) 

£oo -= - I 43* 

(0 48) 

Eoo = -1 50* 

(0 67) 

Eoo « 0 21 
(0 23) 


Elaiticiucs of Substitution 


Occ ** 

-1 43* 

Occ = -4 63* 

Ooo — 

-9 46* 


(0 54) 

(132) 

(2 14) 

Oqc * 

1 50 

Oco = 4 06* 

Ooo = 

3 36* 


(1 56) 

(0 96) 

(106) 

Cqq * 

-22 81* 

tToo = ~6 14* 

»60 = 

092 


(7 66) 

(2 72) 

(102) 


* £vii\u*ied At the mcAns of the dsu Figure* an perenthetei ere Asymptotic stAodArd crron The •ubM:npts 
C. 0, And C suod for coaI oil, And goi, respectively 

^ For crni elMticities, the quAntity the fuel lodicsted by the ftrtl subscript is a functioa of the pruie ot 
the fuel indiCAted the second subscript 

* SigciAcAOt At 05 level 


TABLE 3 


Tests or Hypotheses 



Number op 
Restrictions 

x’ 

Critical 

Valve* 

Test Statotics 


Coal-Gu 

Coal-Oil 

Oil-Gaa 

Linear Kparability of fueb 

From capital and labor 

4 

13 3 

3 2t 

8 8t 

14.1 

From capital, labor, and 

vintage 

6 

16 8 

178 

29 5 

22 3 

Nonlinear Kparabiliiy of 

fuels 

5 

15 1 

8 7t 

24 6 

24 9 

Homotheucity 

AU inputs 

2 

92 

16 2 

69T 

b IT 

Fuels 

1 

66 

14 1 

♦ 7t 

59t 

FIomoKcneiiy _ 

All inputs 

3 

11 3 

26 5 

bBT 

b 37 

Fuel* 

4 

13 3 

403 

11 7t 

604 

Absence of technical change 

6 

16 8 

16 Ot 

295 

4.2t 

Hicluun neutrality 

4 

13 3 

15 3 

19 4 

S.4t 


• The level of •igniftcAnce for each test is 01 
t The null hypothesis is accepted 
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IS the sum of the individual significance levels. We assign an overall signif¬ 
icance level of .09 and allocate a significance level of .01 to each of the 
nine tests of our jomt hypotheses.** In performing the tests, we im¬ 
posed the equality restrictions relating parameters m the profit and demand 
equations as maintained hypotheses. 

Linear separability of fuel prices from capital, labor, and vintage is 
rejected for all samples. Linear separability of fuel prices from capital and 
labor is rejected for the oil-gas sample but accepted for the coal-gas and 
coal-oil samples Nonlinear separability of fuel prices from any, and there¬ 
fore all, fixed inputs is rejected for the coal-oil and oil-gas samples but 
accepted for the coal-gas sample. Overall homotheticity as well as group- 
wise homotheticity in fuels is rejected for the coal-gas sample but accepted 
for the coal-oil and oil-gas samples Therefore, a consistent fuel aggregator 
is accepted for only the coal-oil sample 

As shown in table 3, overall homogeneity is accepted for the oil-gas 
and coal-oil samples * * Therefore, the degree of returns to scale for these 
samples can be calculated as /I -f- 1 For the oil-gas sample, the computed 
degree of homogeneity is 1 10 and the standard error of A is 0 04. Thus, 
returns to scale arc significantly greater than unity for this sample, but 
the extent of increasing returns is not very great ** The 95 percent 
confidence interval is 1 02-1 18 The degree of returns to scale in the coal- 
oil sample is 0 95 and the standard error of A is 0 20 ** Therefore, the 
estimated degree of returns to scale is not sigmficantly greater than unity. 
However, the esumate is not very precise the 95 percent confidence 
interval is 0 56-1 34 

Last, the restneted profit function is used to test for the existence and 
neutrality of embodied tcchmcal change. For the coal-oil sample, both 
absence and Hicksian neutrahty of technical change are rejected Absence 
of techmeal change is accepted for the coal-gas and oil-gas samples, but 
Hicksian neutrality of the profit function is accepted only for the oil-gas 
sample 

5. Concluding Comments 

Estimation of a translog normalized restneted profit function makes it 
possible to calculate the extent of interfuel substitution in conventional 
steam electric power generation without imposing a pnori constraints 

An alternative testing procedure would have been to perform Bonferrom (-tests on 
the joint hypotheses However, Cfonstensen (1973) has shown that the power of this test 
procedure is likely to be quite low. 

** This result conflicts with the conclusion of Nerlove (1963) that the production 
function may be homothetic but is not homogeneous However, Nerlove’s remits were 
for firms rather than plants 

The extent of incresuing returns is defined as the degree of homogeneity minus I 
** For the coal-oil sampde, the degree of returns to sc^ for fuel inputs can also be 
computed and u equal to 0.73. 
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on the values of the elasUcities In addition, the use of a flexible functional 
form makes it possible to test a number of hypotheses concerning other 
characteristics of the production process The results indicate that steam 
electric power generation is characterized by substantial ex post interfiiel 
substitution, homotheticity, absence of strong scale economies, and httie 
embodied technical change. 

These findings contradict some widely held beliefs about producUon of 
electric power and have potenually important implicauons for pubhc 
policy However, due to weaknesses in the data and in the performance 
of the model, further work is required to confirm the results We believe 
that the translog normalized restricted profit function offers a fruitiul 
approach for further research in this area 
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TABLE A1 

EsnuATEc I^CE Elasticities 
t Coal*Gas Sample 


Plant 

Ecc 


Eqc 

£oc 

1 

-0 67 

-0 05 

-0 10 

-1 31 

3 

0 16 

0 15 

0 32 

-1 35 

5 

-094 

-0 05 

-0 17 

-1.31 

7 

-0 26 

008 

0 25 

-1 35 

9 

0 69 

0 28 

0 95 

-1 60 

il 

-084 

0 001 

0 01 

-1 33 

13 

-0 77 

0 03 

0 15 

-I 37 

15 

-0 02 

0 17 

1 07 

-1 69 

17 

-0 71 

0 07 

0 49 

-1 50 

19 

-0 58 

009 

0 77 

-1 €0 

21 

-0 35 

0 15 

230 

-2 32 

23 

-0 62 

009 

0 83 

-1 64 

25 

-088 

001 

004 

-1 35 

27 

-0 32 

0 14 

1 20 

-1 78 

29 

-048 

0 12 

1 62 

-200 

31 

7 43 

1 51 

-I 46 

-0 25 


2 

Coal-Oil Sample 



Plant 

£cc 

Eco 

Eoc 

£oo 

1 

-1 02 

1 65 

1 10 

-1 50 

3 

-1 41 

-0 87 

-0.26 

-258 

5 

-1 20 

1 30 

-I 72 

-049 

7 

-1 04 

096 

0 22 

-1.87 

9 

-1 25 

1 01 

-6 48 

0 32 

11 

-1 18 

091 

I oe 

-1.51 

13 

-0 28 

989 

-1 95 

-0 44 

15 

-1 35 

088 

-286 

-aS7 

17 

-1 39 

050 

1 12 

-1 52 







TABLE A1 —CtnhntuJ 
3 Oil-Gai Sampu 



PUnt 

Eoo 

Eoo 

Eoo 

Eoo 

1 


-1.60 

0 66 

0 33 

-0.36 

3 


-1 55 

0 52 

0 53 

0 25 

5 


-1 55 

0 14 

0.10 

-0.61 

7 


-1 80 

1 34 

0 59 

Oil 

9 


-1.72 

1 06 

0 45 

-018 

11 


-1.55 

0.49 

0 39 

-0.08 

13 


-1.56 

0 51 

0 33 

-0 27 

15 


-1.92 

1 59 

044 

-0 29 

17 


-1 56 

0 32 

0 13 

-0 83 

19 


-1 65 

088 

048 

-006 

21 


-1 77 

1 25 

0 57 

0.09 

23 


-200 

1 87 

0 70 

030 

25 


-1 59 

066 

0 43 

-0 10 

27 


-1.54 

0 42 

084 

1 07 

29 


-1.55 

0 26 

0 31 

-0 05 

31 


-1 54 

0 57 

1 89 

3 11 

33 


-1 62 

098 

2 65 

440 

35 


-1 98 

1 84 

0 73 

038 

37 


-1 91 

1 67 

0 79 

0 53 

39 


-1 62 

080 

051 

0 05 

41 


-1 56 

040 

2 21 

3 93 

43 


-1 66 

0 93 

054 

008 

45 


-1 68 

096 

0 45 

-0 16 

47 


-1 74 

1 28 

1 II 

1 25 

49 


-1 89 

I 46 

0 39 

-041 

51 


-I 65 

0 91 

054 

008 

53 


-1 65 

0 91 

0 54 

ooe 

55 


-1 55 

060 

1 05 

I 35 

57 


-348 

5 29 

058 

-0 10 

59 


-1 60 

0 77 

0 67 

044 


TABLE A2 

EnmiATBO ELAsncrms or SuBsmvnoN 

1 Coal-Gas Sampu 


FUnt 

Occ 

(7co 

Boo 

1 


-1 79 

-0 28 

-7 61 

3 


084 

1 67 

-15 19 

5 


-1 94 

-0 35 

-8 91 

7 


-I 00 

0 93 

-14 88 

9 


484 

664 

-37 93 

11 


-I 91 

001 

-12 77 

13 


-1 88 

036 

-16 65 

15 


-0 11 

488 

-47 51 

17 


-1 83 

1 27 

-28 43 

19 


-I 69 

2 21 

-38 68 

21 


-1 24 

8 16 

-130 22 

23 


-1 74 

2 31 

-42 13 

25 


-1 93 

009 

-14 63 

27 


-1 16 

4.35 

-56 75 

29 


-1 52 

5 16 

-84.01 

31 . 


238.94 

-46.85 

7 61 
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Plant 

^CC 

<fco 

ffoo 

1 

. 

-6 23 

6 75 

-6 16 

3 

• 

-306 

-056 

-1 57 

5 


-4 22 

-6 03 

2 27 

7 


-5,89 

1 22 

-2 37 

9 . 


-386 

-20 02 

-6 29 

tl 


-4 37 

398 

-6 56 

13 


-8 91 

-61 33 

2 76 

15 


-3 31 

-701 

293 

17 


-3 15 

254 

-766 
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Plant 

Oqo 

Ooc 

ffee 

1 

-9 57 

1 97 

-1 09 

3 

-6 89 

2 37 

1 16 

5 

-5 05 

0 34 

-IJO 

7 

-17 06 

5 57 

0 45 

9 

-13 96 

3 65 

-0 60 

11 

-7 14 

1 81 

-OSI 

13 

-7 70 

1 64 

-0 86 

15 

-21 94 

5 03 

-0 91 

17 

-7 59 

0 65 

-I 69 

19 

-II 35 

3 27 

-022 

21 

-15 85 

5 14 

0 37 

23 

-24 96 

8 73 

1 41 

25 

-8 92 

2 39 

-036 

27 

-5 24 

2 87 

7.32 

29 

-4 91 

098 

-0 19 

31 

-6 03 

7 41 

40 U 

33 

-10 10 

16 52 

14 22 

35 

-24 30 

9 01 

1.88 

37 

-21 21 

8 83 

2 81 

39 

-10 16 

3 19 

020 

41 

-4 39 

6 22 

60 44 

43 

-11 76 

3 81 

0 31 

45 

-12 58 

3 S3 

-0 56 

47 

-14 78 

9 42 

9 22 

49 

-20 48 

4 22 

-1 18 

51 

-11 47 

3 73 

034 

53 

-11 41 

371 

0 33 

55 

-6 79 

4 59 

10 34 

57 

-116 36 

19 26 

-0 35 

59 

-9 27 

3 87 

2 20 


Appendix B 

Dxta Soorces and Definitions 

Unleu noted otherwue, all data are for individual iteam electric plants for 1972. 
The data are from Federal Power Commisuon (FPC) publications (1973«, 
1973i, 1974). 

Normabs^ fuel pnees are calculated by dividing cost per 10* Btu by the pnoe 
of output. Data on expenditure per 10* Btu for each type of fuel are from FPC 
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(1974). In order to reflect the effect of environmental restrictions on fuel costs, the 
price of coal is adjusted by adding the cost per 10* Btu of ash removal. Data on 
the cost of ash removal are for 1970 suid are from FPC (19734). 

Data on the price of output are not available at the plant level Therefore, data 
from FPC (1973a) for the firm owning esuih plant are used To obtain a measure 
ot the net value of plant output to the firm, output price is calculated by dividing 
total revenue minus transmission and distribution expenses by total sales 

The average number of employees for each plant from FPC (1974) is used as 
the measure of labor input The quantity of capital is equal to installed generating 
capacity, which is measured by the manufacturer’s maximum nameplate rating 
(FPC 1974) The vintage of the capital for each plant is calculated by weighting 
the vintage of each generating unit by its capacity (FPC 1974) Restricted profits 
are calculated as net generation (FPC 1974} minus normalized expenditures On 
fuels 

The sample includes all plants beginning operation in 1946 or later for which 
the necessary data are available Data on fuel prices are available only for plants 
actually purchasing the fuels in question Thereibre, the sample had to be restricted 
to plants purchasing more than one type of fuel There are 31 plants in the coal-gas 
sample, 17 in the coal-oil sample, and 60 in the oil-gas sample A list of the included 
plants IS available from the authors on request 
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Money and Economic Activity 
in the Open Economy: 

The United Kingdom, 1880-1970 


P. D. Jonson 

InltmahotuU Monttary Rtuarch Prajut, 

London School oj Economus, and Rtsmx Bank of Australui 


Thu paper presenti a highly aggregated structural macroeconomic 
model of the U K. economy The specification is based on the insights 
provided by recent theoretical work on the working of open economics) 
and provides the most complete answer yet offered on the reverse 
causation controversy in moneUry economics The key empirical 
findings include relatively high interest rates and price elasticities in the 
relevant behavioral equations and a sigiuhcani disequilibnum real 
balance effect on a broad expenditure aggregate The results of sim¬ 
ulation analysu of the model are reported and throw light on Bntam’s 
relatively poor postwar macroeconomic performance 


I. Introduction 

Postwar Bntish macroeconomic jjerformance has in many ways been 
dismal Inflation has on averse exceeded that of the U K’s major 
trading partners, and macroeconomic policy reversals have resulted in 
recurrent policy “stops” as the economy runs up against the balance-of- 
payments constraint, followed by penods of “go” which sow the seeds of 


Thu paper benefited from helpful comments received when earlier versions were 
presented at the London School of Economics, Manchester University, the Umveisity of 
Chicago, the Federal Reserve Board in Washington, and at the 1975 Konstanz s rm i n ar on 
Monetary Theory and PoUcy Particular thanks go to H G Johnson, J M. Packm, 
A K Swoboda,B Friedman, H Koiug,aiidC R Wymer, whose advice was especially 
helpful and whose suite of computer programs provided an es s enti a l input I would also 
like to acknowledge with thanks the benevolence of my employer, the Reserve Bank of 
Australia, for granting me the opportumty to work at the Ixindon School of Economics, 
and the sUmuiut provided by members of the International Monetary Research Pro* 
ject, financed by the Socud Science Research Council, although the opimons and 
conclusions are, of course, my own and in parucular are not.necessarily shared by my 
employer The amistance of the Science Research Councirs Atlas Computer Laboratocy, 
which provided the compuung fiscihtiei, u also gratefully acknowledged 
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the following stop. A sizable devaluation in 1967 provided the precedent 
for further devaluations via a floating or, more precisely, sinking exchange 
rate in recent years. This paper presents a highly aggregative macro¬ 
economic model which explains the trends in British prices, output, and 
the badance of payments over a relatively long historical period. The 
model IS used to throw light on the reasons for Britain’s relatively poor 
postwar performance, and the analysis suggests ways in which this could 
be improved. 

To state the major conclusions in advance, simulation analysis of the 
model attnbutes considerable weight to the relatively rapid postwar 
growth in the government sector, which has produced persistent pressure 
in domesdc g^oods markets, raising British prices above purchasing-power 
parity and producing persistent trade deficits The monetary consequences 
of the strong g^wth in the government sector have further added to 
domestic demand pressures, as excess money balances have increased 
pnvate sector expenditures and produced the perenmal British balance- 
of-payments deficits These results depend on the findings, reported 
below, that the responses of the U K pnvate sector, as represented by the 
pnee and interest elasticities in the various behavioral equations and the 
real balance effect on expenditure, are economically appropriate and 
statistically sigpuficant This finding is largely at variance with the 
conventional wisdom embodied in existing macroeconomctric models of 
the Bnush economy, and so needs emphasis 

By way of further introduction, a bnef discussion of current knowledge 
of the role of monetary disturbances is presented This indicates the areas 
in which the model presented m this paper makes its contribution 

Much recent work on modehng macroeconomic relationships has been 
to include monetary factors, in response both to the worldwide inflauonary 
takeoff and to the challenge provided by the reduced-form econometric 
exerases presented by Fnedman and Meiselman (1963) and many 
others This work has generated considerable controversy about the 
econometric methods used, centered on the reverse causation issue 
Although Fnedman and Schwartz (1963) met this objecuon in advance 
by arguing on historical grounds for the exogeneity of monetary change 
in major episodes, they conceded that for mmor cycles reverse causation 
IS possibly of equal importance to the mfluence of money on nominal 
income, a finding supported by Cagan’s {1%5) study of the money supply 
process. This leaves considerable room for debate about the precise role 
of monetary disturbances m recent experience, especially as none of the 
existing studies has fully come to grips with the role of endogenous policy 
reaction. ‘ A variety of transmission mechanisms—interest rate effects on 
investment, wealth effects on consumption, and availability effects based 


' As pointed out by Davu (1969), among otbeis 
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on notions of duequilibnum mechanunu of various types—arc uicorpo- 
rated in the big U.S models,* and Moroncy and Mason (1971) provide 
a small-scale approximation to the mainstream macroeconomic model 
The structure of this model is not, of course, as rich or as well specified 
as that of the larger models, but the work is of parucular interest smcc 
simultaneous esbmabon techniques arc applied to a model including a 
hypothesis about the money supply process, which offers a parbal answer 
on the reverse causation issue (it is partial since policy instruments arc 
taken as exogenous). 

Considerable recent theorcbcal work in monetary economics has gone 
into the open-economy case, suggesting in particular that domestic 
monetary disturbances are a major reason for fluctuabons in the balances 
of payments of small open economics, and also cmphasizmg that the law 
of one price must dominate the behavior of commodity prices (adjusted 
for changes in the exchange rate) in the long run * In poinbng out that 
the domesbe money supply of an open economy which maintams fixed 
exchange rates is adjusted to demand through the balance of payments, 
this work casts doubt on the findmgs of Friedman and Meiselman-typc 
tests for open econonues In effect, the monetary approach to the balance 
of payments presents a powerful reason why reverse causation is likely to 
be parbcularly important, and suggests that any influence of domesbe 
monetary disturbances on price or income will be stnctly a disequilibrium 
phenomenon The empirical studies generated by this approach* have so 
far concentrated on explaining the balance of payments (or the capital 
account on the grounds that the current account is largely determined by 
“real” factors), and use of reduced-form cconometnc methods means 
that such studies can at best confirm that “money matters” (for the 
balance of payments of open economies) Objccuon to some of the 
assumpbons in these studies, especially to the popular assumpuon that 
adjustment is more or less instantaneous, suggests the need for structural 
modeb which can answer quesbons about how and why money mabers, 
as in the closed-economy context The large opien-economy models have, 
however, lagged seriously in their incorporation of money factors,* and 
the standard finding of low or zero price and interest rate elasbcibes in 
trade and international capital flow equabons leaves unanswered the 
quesbon of how, if at all, the monetary result obtains in the open economy 

The model in this paper offers answers to some of the outstanding 
questions about the interactions of money and economic acbvity m the 

* Fuher ami Sheppard (1972) provide a survey 

'Johnson and Frenkel (1975) provide an exienuvc discuxuon and much of the recent 
literature 

* See, e g , Koun and Porter (1974), Courchene and Suigh (1975), and Genbecg 
(1975) 

’ Ball et al (1973) provide a ducusjion of the London Busuiea School model of the 
U.K. economy 
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open economy, and pays particular attention to the role of fiscal and 
monetary policy in the money supply process. It incorporates a Bank rate 
reaction function, to provide the most complete answer yet given to the 
reverse causation problem * Its major contribution is to develop the 
dynamics of the monetary model, ^ and a crucial finding is a powerful and 
significant disequilibrium real balance effect on a broad expenditure 
aggr^ate. This finding is especially important since the real balance 
effect is sufficient to reconcile classical and Keynesian macroeconomics,* 
and conventional and monetary models of the balance of payments.* 
Other important findings include high price and interest rate elasticities 
and relatively long lags in the adjustment to exogenous shocks, the 
implications of which will be discussed below. 

The plan of the paper is as follows Section II discusses trends in 
British paces, output, the balance of payments, and other economic 
magnitudes. Section III specifies a macroeconomic model based on the 
insights provided by recent developments in monetary theory, and 
confronts this model with the data generated by 90 years of U K economic 
history SecUon IV discusses the implications of the results for the debate 
on postwar Bntish economic performance 


n. Major Macroeconomic Magnitudes: An Overview 

The vanable that most closely approximates the aggregate discussed in 
theones of the balance of payments is described as the “total currency 
flow” in the official Bntish statistics, and the cumulated value of these 
flows is designated “reserves” in this study. Changes in reserves are 
financed by changes in “official reserves” (gold and convertible currencies) 
and currency swaps, loans from and repayments to the IntemaUonal 
Monetary Fund, and other exogenous capital flows which do not, 
proximately at least, influence the money stock Figure 1 illustrates 
changes in “reserves” and in “official reserves” over the sample penod 
The companson illustrates a marked contrast m their comparabihty m 


* The model is estimated with a powerful iiilUinformation maximum-Iikehhood 
technique developed by C R Wymer which disposes of the simultaneity problem The 
technique also involves a consistent treatment of the problem of esbmaUng a dilferential 
equauon system with discrete data, and allows the use of resmebons withm and acrou 
equations which are suggested by economic theory 

’’ Theoretical analyses of vanous tupects of the dynaimcs m models uduch utilize a 
monetary approach to the open economy have been presented by Parlun (1972, 1974), 
Musaa (1974), Jonson and Kierzhowski (1975), and Laidler (1975). Knight and Wymer 
(1975) preKnt an altemaUve empincaJ unplementauoa of the monetary approach 
using postwar U K. data. 

* Archibald and LipKy (1958) and Patinfcm (1965). 

* Jonson and Kierzkowski (1975) Itis not themtically necessary, tinee other channels 
for the influence of monetary pohey on economic activity, such as wealth effects or interest^ 
rate eflrcts, could also be important. 
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the penods before and after the early 1930s, with fluctuauons in both, but 
especially in reserves, becoming much larger in the second period, 
particularly in the 1960s Figure 2 illustrates the cumulated value of total 
currency flows (reserves) and the level of official reserves, which show 
broadly similar patterns of change except toward the end of the period 
Growth in reserves was much steadier in the first 50 years of the period 
than in the second 40, although growth was about a trend that was more 
rapid in the postwar period than in the earlier years, at least until the 
mid-1960s. 

With regard to the components of the balance of payments, figure 3 
illustrates the current balance and net capital flows This shows that the 
historical tendency for the Umted Kingdom to export capital was 
reversed in the 1930s, during World War II, and m a few years of the 
postwsu* period. The obverse of the historical tendency, at least m the 
earlier yean when reserves did not fluctuate wildly, was a tendency 
toward current account surpluses, rising to a peak in the early yean of 
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the twentieth century and again in the early 1920s. In the 1930s and 
World War II, large current account deficits mirrored sizable net capital 
inflows In the postwar years, however, the current and capital accounts 
have often moved in the same dirccUon, in marked contrast to the 
earlier pattern 

Figure 4 illustrates the volume of exports and of imports of goods and 
services A relatively steady growth in exports before World War I and 
after World War II was interrupted by both wars and in the interwar 
period The average annual rate of growth in the volume of exports from 
1952 to 1970 was 4.2 percent, somewhat higher than the 3.4 percent in 
the period 1883-1913; in addition, fluctuations were smaller in the 
postwar period than in the earher years. Fluctuations in the value of 
exports tend to be greater than those in volume, reflecung a tendency for 
parallel movements in price and quantity. The quanUty of imports has 
tended to grow more steadily than exports, although import growth Wks 
also slowed by the two wars The average growth rate of imports is 
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considerably higher than that of exports, a major anthmcbcal cause of 
the change from a strong balance of payments m the early years of the 
sample to the tendency toward defiats in the later years Strong pnee 
fluctuations tend to be inversely correlated with fluctuations in unport 
volume. The other components of the current badance are not illustrated, 
net property income from abroad grows fairly steadily, with checks 
caused by liquidation of overseas assets dunng the two wars, especially 
World War II, net grants and transfers are small and relatively umtn- 
portant in their impact on the balance of payments 

Output, expenditure, and current government spending are dlustratcd 
in figure 5. Aggregate output grew at a relatively steady rate before 
World War I and even more steadily, and at a slightly greater rate, after 
World War II. Output was boosted by the war efforts (reflected strongly 
in the government-spending series) and fell considerably after both wars. 
The major decline in output occurred in the depression of the 1930s, 
although there were also significant reductions of output in 1882-83, 
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1900, 1909, and 1926 The growth of private expenditure is broadly 
sumlar to that of output, although fluctuations are somewhat smaller and 
{xistwar growth of pnvate expenditures has been slightly lower than that 
of output, with a corresponding higher growth rate of current government 
spending which absorbed approximately 20 picrccnt of output by 1974. 
(Current government spending absorbed only 5 percent of output in 
1880, and this proportion had risen to 8 percent by 1913 and to 11 percent 
by 1938) The eflect of fluctuations in government spendmg on the 
budget deficit, and of the deficit on domestic credit expansion, is clearly 
visible in figure 6 

Figure 7 illustrates U K and U.S pnees—the latter representmg world 
prices in this study^ **—and shows a remarkable degree of conformity once 

"’US prices, income, and short-term interest rates are assumed to represent the 
coiresponduig world magnitudes m this study. Hus is cleiu’ly an ajyroximaOon, alt h oufch 
Fisher’s (1912) discussion of the dominant p^uon of the U.S economy at the turn of the 
century provi^ some justification for the assumption. 
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changes in the exchange rate are considered The major divergences from 
purchasing-power panty occur in the 1890s and the 1930s, when Bntish 
prices did not fall so rapidly as U S prices 

Figpire 8 shows the growth of money and bonds over the sample penod 
Money grew far more steadily than bonds, with rapid increases during 
both wars and the only major fall in nonunal balances occurring in the 
1920s. Bonds were redeemed on average durmg the 1890s and in the 
first decade of the twentieth century, when budget surpluses were the 
rule, and rose extremely rapidly durmg both wars Some addiuonal light 
IS thrown on these movements in figure 9, which shows that short-term 
U S. interest rates were well above U K rates until the 1930s (although 
the gap narrowed considerably during World War I) and fell more than 
U.K. rates during the cheap money period of World War II United 
Kingdom interest rates have been on average higher than U.S. rates in 
the postwar years, and the postwar nse m interest rates is correlated with 
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the nse in the velocity of circulation of money (as arc earlier fluctuations 
in interest rates and velocity) 

In conclusion, it is worth observing that the striking empirical 
regulanties apparent even in the raw data illustrate the value of employing 
a relatively long sample pienod to test econonuc theory. The model¬ 
building exercise utilizing these data is designed to yield the precise 
estimates of the elasticities of the vanous behavioral functions, and of 
speeds of adjustment, which arc a necessary part of scientific knowledge 
of economic systems. 


ni. A Monetary Model 

In specifying the equations of the model, it is convenient to proceed oj if 
each major aggregate is detemuned, proximatcly at least, by oRc group 
of economic agents: households consume and invest real goods and hold 
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finanaal assets, including money, sterling-denominated bonds, and 
overseas assets, either directly or via their ownership of domestic firms; 
entrepreneurs determine the volume of output and the pnee at which it 
IS ofiered for sale, and the domesuc government (mcluding the banJes) 
consumes real goods and services, finances its consumpoon by the issue 
of money smd bonds and by levying taxes, and sets nominal interest rates 
(represented by Bank rate) in the short run In addiUon, foreigners 
purchase British exports and hold U K assets, although the latter are 
deducted from the overseas assets of U K. residents and are not treated 
explicitly in the model 

The markets explicitly represented in the model consist of markets for 
money, bonds, and goods. Conceptually there are three goods: imports 
whose price is given on world markets, exports, arid other domestically 
produced goods Given the assumpUon that nominal interest rates and 
exchange rates are pegged in the short run, the supphes of money and of 
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bonds are “demand detemuned” at prevailing interest rates and exchange 
rates, which will of course be changed if the government’s perceived 
macroeconomic objectives are not being achieved. The change in the 
value of net overseas assets (i e , net capital outflows) is given, once the 
balance of payments is determined, and given the values of exports and 
imports. 

The followmg subsections discuss more fully the relationships in the 
model, and then the propemes of the model as a whole arc discussed. 

AggregaU Commodtty Demand 

The derivation of effective demands for flows of commodities and stocks 
of assets is in two steps: the determination of full equilibrium or long-run 
demands, and the adjustment processes linking actual and equilibrium 
demands. The full eqmlibrium demand for domestic expenditure i is 



lCON»Y IN THE OPEN ECONOMY 


99* 


•U 



Fio 9 —U K and U S inierat rate* 


assumed to be a funcuon of disposable income — Tjp) and Bank rate 
(fj), the latter rcprcscnung any real interest rate effect on expenditure, “ 
on the assumption that the expected rate of change of prices was zero, or 
constant, for most of the sample penod ' * 

d = doij - (la) 


‘ ‘ Dale Henderson hai correctly pointed out that the current specificauoo a ^ fajly 
consistent with the sUndard stock adjusnnent model of investment m cons^er dimblei 
and industrial capital. Since no raeamnglul allemauve can leadily be subsututed, it is 
justified in tcnni of its extreme sunphraty and the strategy of coocentrat^ auentmfi on 
mues that arc lew well undentood than mvcatmcni and comu^iptnwi behavior 

‘» The normal or long-run expecution for most of Bntisb history has almost certainly 
been of a constant pnee level, perhaps modified by bhp. associated with w an Ev« i m 
recent experience. Carlson and Parkin (1975) find that postwar 

arc virtui^y constant until quite late in the inflationary takeoff of the wmen u 

connstent with the aigiimentt advanced by Sargent (1971). 
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It is further assumed that various constraints imposed by the costs of 
obtaming information, the existence of uncertainty, and the problem of 
maximizing the time path of consumption in the face of various exogenous 
disturbances lead to partial adjustment toward the long-run equilibrium 
position, with the change m expenditure a function of the gap between 
actual and desired wealth (il>) at any point in time This gives 

D log d »= a(log J — log d) + y(lc^ tt> — log IV/p) (lb) 

The asset adj'ustment term is included to represent the influences of 
hoarding and dishoarding of financial assets on current expenditure, and 
arises from a generalization of the Archibald and Lipsey (1958) real 
balance effect * ^ Most thcoreucal generalizations result in a vector of 
real asset effects, each with a different coefficient y ** In the current 
model, deasions about real assets are subsumed in the expenditure 
decision, and only monetary disequilibrium has a significant influence on 
expenditure when a more general model which also includes the difference 
between actual and desired bonds is estimated This may be a function 
of the relatively unreliable nature of the bonds senes (since it is denved 
residually and is the cumulated value of changes in bonds with no 
explicit allowance for changes in market value), although if it is true that 
the composiUon of assets adjusts relauvely quickly, monetary disequi- 
libnum (for example) may be a good proxy for financial asset dis¬ 
equilibrium in general This relatively neglected issue is discussed further 
below 

In estimating the model, equauon (la) and the determinants of il are 
substituted into equation (lb). A wartime dummy vanable is also added 
to equation (la) ‘ * to correct for any influence of the wartime controls and 
rationing on expienditure behavior 

The volume of exports is assumed to be determined in the long run by 
world demand at prices given by U K producers The long-run demand 
for exports is assumed to be a simple function of world income (jw)] 
represented by U.S. real income, and the pnee of exports (/*,) relative 
to that of U K imports (P,), a proxy for world traded-goods prices in 
sterling. Actual (rather than disposable) world income is used because 
export demand includes foreign government demand. 

^ (2a) 

An equation very tumlar to (lb) u derived by Dombuicb and Muaa (1975) bom 
a model m which ccmtumption if t^tunued over tune in a world in which money u the 
only aoec 

The model developed by Parkin et al. (I97S) m ebfect generaluei in teani of a fct 
of difleient y’t (althou|d> consumption U determined residually m their modd). 

' * And elsewhere where aiyrop n ate. It should be noted that wartime dummies are 
the only "special factors” allowed iw in the model. 
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Exports are also assumed to adjust so as to remove the discrepancy 
between actual and equilibrium exports at a constant proportional rate, 
with the speed of adjustment influenced by a short-run supply constraint 
variable, defined as the ratio of domestic output (j>) to its steady-state 
growth path This provides a further test of the popular notion 

that actual exports are reduced when output is growing slowly, and vice 
versa.** 

f) log * = a(log £ - log x) + P log (2b) 

Real government spending is assumed to be exogenous in view of the 
changes in the theory and practice of fiscal policy which have taken place 
over the past century and the great influence of wartime expenditure on 
the senes 

AggrtgaU Commodity Supply and Pnee Determination 

On the supply side, the usual Keynesian assumption that output equals 
aggreg^ate demand less imports (after allowing for stock building) is 
modified. Expected sales (S*) are divided between domestic production 
{y) and imports (i) in proportions that depend on the relative price of 
imports and domestic output (PilP), and actual imports and production 
are assumed to adjust to expected sales at constant although different 
rates *'* A partial response to expected sales is jusofied by uncertainty 
about future demand and the operation of short-run capacity constraints 
Symbohcally, the import-output decision is represented by 


( = io{PitPy'S% (3a) 

£) log 1 = a,(log f - log i), (3b) 

= [1 - io{p,ipy']s% (♦») 

D logy = a 2 (log> - log>) (4b) 


Expected sales are assumed to equal current demand, modified by a 
dummy variable (Ql) to allow crudely for the depression widely expected 
at the end of World War I and the separation of Ireland 

5* = (</ + X -I- ^)/'e' 

Although this specification nught be said to be still “demand dom¬ 
inated” to an unreasonable degree, it should be noted that the steady- 
state rate of growth of expected sales will equal that of resources 

*• Ball, Eaton, and Steuer (1966) previously tested for this effect of U JC. exports 
Norton (1969) applies the same idea to U K financial markets 

*’ Bergstrom and Wymer (1974) develop a version of this model which also takes 
expheit account of itock-builduig behavior, although the pnee elasuaty u contrained 
to be —1 Anderson, Pearce, and Tnvrdi (1975) use a similar model (ignoring pnee 
effects) to explam output decisions with much more disaggregated data 
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Empirically, the above specification is preferable to one* * in which sales 
are expected to grow at a constant rate equal to the growth rate of 
resources, although there could well be important returns to a more 
sophisticated analysis of expected sales.** 

The proposition that domestic prices adjust toward purchasing-power 
panty is an integral part of the monetary approach, although the 
possibility of running down or building up reserves, changing trade and 
capital controls or taxes and other short-run market imperfections arc 
likely to produce delays in the adjustment of domestic to world prices, the 
role of nontraded goods having received considerable attention in the 
theoretical literature The widely tested expectations-augmented Phillips 
curve (applied to prices rather than to wages) provides the basis of an 
equation for the price of output m the current model which is consistent 
with the monetary result in the long term but allows deviations from 
purchasing-power parity during the adjustment period Specifically, if it 
is assumed that world prices adjusted for the exchange rate (EPJ) are the 
prices rationally exjiected to prevail in the long run, that the price of 
output adjusts toward this with a lag which incorporates vanous real 
world frictions, and that some measure of the pressure of demand relative 
to full employment supply {zjs*e^'') influences the rate of inflation during 
the adjustment period, the following equation is obtained 

i) log « a[log - log P -I- ^ log (5) 

When this equation is estimated with Z = d + x + g, it yields, as 
expected, a posiUve and significant esUmate of Better lesults are 
obtained, however, if the different components of demand are allowed a 
separate influence on price adjustment. In parucular, fluctuations in 
government spending (g) and in other domestic expenditure (d) appiear 
to exercise a much stronger influence than changes m exports (x), which 
in fact have an approximately zero direct influence on price adjustment 
This IS broadly consistent with the fact that domestic producers have a 
much stronger short-run monopoly position in domestic markets than in 
world markets, and suggests an interesting way in which to generahzc the 
Phelpsian** hterature for the open-economy case 

Two altemauve export price equations were tested: one analogous to 
that for the pnee of output in general, and another, somewhat simpler 

'' Suggested by A L. Marty. 

Lucas (1973) investigates the role of divergences between actuid and expected 
pnees and the influence of the variance of government policy on the pnee-output 
decision A simple attempt to incorporate the first of these effects was only of marginal 
success and is not reported here 

There are indirect effects via the income effect on domestic expenditure. 

* ‘ Phelps et al. (1970) explore the notion of short-run monopoly posiuons jivhich arc 
eroded over time to provide imcroecononuc underpinnings for wage and pnee equauons. 
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equation in which export prices adjust slowly to the trend of tradcd-goods 
prices and unmediately to changes in the prices of traded goods and of 
domesuc output (which are the prices in closely related markets) The 
second speciiicauon, which is cffccUvely the same as the first (since 
demand efiects arc included indirectly via their cfiects on changes m 
domestic prices), performs somewhat better, and so is included in the 
model: 

Z) log P, = a(log P, - log P,) + /?,£> log P, + p^D log P (6) 
Demand for Fmancud Assets 

The private sector’s holdings of financial assets are disaggregated into 
money (Af), sterhng-denominatcd “bonds” (P), and foreign assets (5) 
The model includes behavioral equations for the first two, and the third 
is determined residually “Bonds” is in fact a composite asset, consisting 
mainly of the nonmonetary habilities of the government sector held by the 
pubhc, less bank advances to the private sector, although it is treated for 
empirical purposes as if it were a homogeneous intemauonally traded 
asset 

The desired stocks of money and of bonds are assumed to be functions 
of wealth or income [y) and the return on domestic and foreign bonds, 
represented by Bank rate (r^) and U S Bank rate (r„), adjusted for the 
expected change in the exchange rate (£*) 

»« = (7a) 

« = + £*)-'* (8a) 

The interest elasticities arc restricted to the equal or equal and opposite 
(except for an additive constant) in line with the view that domestic and 
foreign bonds are perfect substitutes in the long run Vanous simple 
proxies for the expected rate of change of pnees were also included in 
these equations (and in eq [1]), to capture any influence of pnee changes 
not represented in nominal interest rates or m but such variables were 
always insignificant Negauve results are also obtained when estimates of 
net financial wealth arc used as an alternative to or m addition to 
permanent income*^ as the constraint vanablc, although this result is not 
especially strong, as the net wealth senes is extremely crude. 

The dynamics are handled very simply, with a first-order partial 
adjustment model in which the change in the nominal value of money and 

**Tlie data appear to salisty dm mtriction in the sense that, when the model is 
estimated without it, the separate coeffiaenli are not sigmficanUy different, althou^ the 
standard errors are quite large 

* * Proxicd in t hr way by a distributed lag on actual income 
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bonds is proportional to the discrepancy between desired and actual 
stocks of real assets: 

DlogM ^ «,(log - log M/p). (7b) 

D\ogB = aa(log i - log B/p) (8b) 

In interpreting the implied lags (I/a provides an estimate of the mean 
time lag), one should recall that it represents the average effect of lags in 
the formation of expectation about income or interest rates, the cost of 
adjustment, and optimal savings behavior The result obtained for the 
full period to 1970 is that Oj is considerably larger than oij implies 
that the composituin of portfohos adjusts slowly, a finding that is puzzhng 
to some economists Various alternative specifications yield the same 
conclusion for the full sample period, although for the period to 1939, a| 
IS approximately equal to interesting finding which is discussed 

further when the parameter esumates are presented. 

It is perhaps worth stressing that the model is constructed so that 
money and bonds (and other assets) grow in fixed proportions in the 
steady state, and that any anticipated trend rate of growth of wealth or 
permanent income is effecuvely built into the constant term in partial 
adjustment models such as those utilized in this study ^ ‘ 


The Mon^ Supply Process and the Balance of Payments 

As noted above, U K. monetary pohey is conducted by settmg some 
important nominal interest rates Part of any consistent description of the 
workings of the U.K economy must therefore include a pohey reacuon 
function^* to explam changes in nominal interest rates, represented by 
Bank rate (r») in the current model. In addiuon to the offensive pohey 
reactions represented by the deviations of output, prices, and the balance 

See, e g , Frenkel and Rxxlnguez (1975), who dutinguuh carefully between overall 
aoet decumulation, which is assumed to take time, and more or len instantaneous port- 
fdio reallocations in a theoreucal “portfolio” modd of the balance of payments. 

** Substituung eq. (7a) into (7b), ignormg for simpbaty the interest rate terms, yields 

DlogM •• a(log mo + Pi log^ — log M/p). 

This is observationaliy equivalent to a model in which the proportionate rate of growth 
of money balances equals a trend term X plus an atbusUnent term mdicatuig the response 
to current diseqiiilibnum. 

X> log M m A + a(log mi + log ji — log M/p), 

where mi m A similar comment applies to meat of the other eqiutions in the 

model and in other, similar models ( B e r g s trom and Wymer 1974) 

** Jonson (1974) provides a survey of the growing literature on this subject and an 
analysis of Australian stabUiaation policy in the 1960k. As noted in the uitroductum of the 
cuirent paper, one of the mAjor unresoii^ issues m the debate on reverse causation is the 
effect of in co rporating pohey reactions in models measuring the interactions of money 
and economic activity. 
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of payment! from tergct leveli, Bank rate is also assumed to react 
defensively to changes in U S. short-term interest rates- 

D log r* - a log (ro/r») + log log (yly*e^>') 

+ Pi log (PIEPJ + Pa log *"*>') 

-f log (L/LV^'♦"»>'). (9) 

The target levels for the major macroeconomic variables arc assumed to 
be consutent with the steady state of the model. Thus, for example, 
deviabons of output (y) from its steady-state growth path defined by 
y*e*-'', rather than the level of output, represent the “mtemal balance” 
objecUve, similarly, purchasing-power parity (EPJ) represents a rational 
price level objecbve 

In contrast to Bank rate policy, fiscal policy is assumed to be exogenous, 
as noted above in conjuncuon with government spending Thus, tax 
receipts are related simply to the value of aggregate output, with given 
tax rates (a trend term allows for the progressive nature of tax schedules) > 

T = Tot^'Py (10) 

Domesbc credit expansion (DC) is determined by the budget deficit 
(Pg — T) less the net change in the value of “bonds” held by the private 
sector.^’ 

DC ^ Pg - T - DB (11) 

This decomposibon anses from a model in which the government and 
banking sectors are aggregated In common with the more complex 
models developed recently, fjarucularly by Brunner and Meltzer (e.g., 
1974), It allows for a major and largely exogenous impact of fiscal pohey 
and for the effect of changes in domesbc and foreign interest rates In 
contrast to this work, however, the present model abstracts from the role 
of the private banking system, employing a “portfolio” approach rather 
than a “monetary multiplier” approach to the money supply process. 

The model is completed by an idenuty determining the change in 
reserves as the difference between the flow demand and supphes of 
money** 

DR = DM - DC (12) 

It should be noted that the model determmes the sterhng value of changes 
m reserves, but not the allocabon of a change m their sterling value 

Recall that “bondi” is a composite asset cmoistuig mainly of nonmonetary govrm- 
mem debt by the pnvate sector, less the value of bank advances to the pnvale^sector^ 

** In the estimated model, this idenUty contains the change in another term, * loans 
(^), which includes official revaluauon gams and losses and the value of loans from and 
subsenpuons to die IMF, and currency swaps with other central banks, assumed to be 
exogenous. 
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between an exchange rate change and a change in the quantity of 
reserves. In principle, it would be possible to model official intervention 
in the foreign exchange market and determine what proportion of a given 
change in the sterling value of reserves is taken in the dollar value of 
reserves (Q) and what proportion in a change in the exchange rate (£}, 
since DR = D(EQ) «= DE-Q + E-DQ. In practice, the relevant 
coefficients would be difficult if not impossible to determine (and in any 
case, the relationship might be strongly influenced by largely exogenous 
factors) The estimated model could in principle be used to determine the 
behavior of a freely floating exchange rate by assuming Q ss Q and 
solving for £ 

The model as a whole is summarized in Appendix A, and the variables 
and other notaUon, along with their definitions, are given in Appendix B. 
It has a steady-state solution which is relatively simple when ^2 ^ 

PlA = 0 - 

X = ^V*', X = d,x, i,y, 

Y = Y = P, />„ 

Z = Z = T,M, B, C, R, 

^ = r* 

That is, in the steady state the real values of expenditure, exports, imports, 
and output all grow at the same rate, determined by the growth rate of 
world income and real domestic resources*’ (A,) Domestic prices grow 
at the rate (Aj) at which world prices grow, and the nominal variables 
in the system, taxes, money, bonds, domesbc credit, and official reserves 
grow at a rate (A| <lj) equal to the rate of growth of nominal income 
This steady-state solution is derived on the assumption that all the 
exogenous variables grow at the appropriate constant rate and that 
certain parameters, notably the income elasucities of the demands for 
expenditure, exports, money, and bonds, and the nominal income 
elasbcity of the tax function, be equal to unity This provides a cross¬ 
equation restncuon which increases the efficiency of the estimator 

The model is simple enough so that its properties can be discussed to a 
considerable extent independendy of the parameter estimates and 
compared with those of alternative models The following heuristic 
accoimt of the model’s response to changes in the exogenous variables 
illustrates its properties Figure 10, which presents a simple schematic 
representation of the structure of the model, may be helpful in tracing the 
interrelationships discussed in the following subsections. Note that the 
dotted line represents a linkage—from changes in U.K. holdings of U.S. 
dollars to world prices via any effect on the world money stock—not 


** Real goveniinent ipendillf must also grow at the rate 
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included in the present model, and that not all the linkages m the model 
are represented m this diagram (e g . the effect of a change m taxes on 
disposable income and expenditure is excluded to avoid cluttering the 

diagram) 

A Rise in World Prices (including Import Pnccs) 

This sets two offsetting forces in motion exports and domesde output 

rise and imports fall (relative to what they would have been 

change) as the change in relative pnccs induces a shift ui world demand 
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in favor of U.K. goods and as U K. suppliers find it cheaper at the 
margin to produce rather than import; on the other hand, U.K. prices 
begin to nse, direcdy through the competitive or expectational variables 
in the price equations and indirecdy through the increased pressure on 
domestic resources The dynamic response is complicated by the fact that 
the rise in domestic output adds direcdy to domesdc demand, although 
the nse in income also induces a rise in desired money balances which 
tends to induce offsetting reductiona in domestic expenditure, and this is 
reinforced by the tendency for the nse in prices to reduce the real value 
of existing money balances. The rise in income and prices and the 
associated buildup of nominal money balances and bonds tend to 
strengthen the balance of payments, although this effect is offset by the 
increased nominal government spending on the assumpuon that real 
spending is unchanged.^*’ Since tax receipts are also nsing along with 
nominal income, however, domestic credit expansion is likely to proceed 
less rapidly, and the net short-run effect on the balance of payments is 
almost certainly favorable. This parallels the predictions of both the 
simpler monetarist model in which the balance of payments unambig¬ 
uously improves because of the accumulation of real balances induced by 
the pnee nse, and of simple conventional models which concentrate on 
the initial improvement m the current account 

An Increase in U K. Government Spending 

This leads to an initial increase in the budget deficit which worsens the 
balance of payments in the short run The effect is not one for one, as 
in simpler models, since the increase in aggregate demand raises income 
and thus expenditure, which together with the increased government 
spending places pressure on domestic resources, with price effects 
measured by fig and fiiQ This has secondary effects on aggregate demand, 
via the pnee effects on the demand for ex(x>rts and via real balance 
effects, which, by induemg a buildup of financial assets, produces an 
offsetting improvement in the balance of payments, reinforced by the 
tendency for tax receipts to nse The offsctbng effects take time to 
operate, however, and if government spending is not subsequently 
reduced, involving a probably painful penod of falling income (or slower 
growth), the U K economy will find itself with a price level above 
purchasing-power parity and a persistent deficit on external account 
Resolution of this dilemma by a change in the exchange rate, analytically 
equivalent to a nse in world prices, will work provided expectations of 
further devaluations do not set in, reducing the demand for Bntish 
financial assets. 

V 

If real qiendiiig expands, domestic credit expansion will increase by more in the 
short run 
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An Increase in Bank Rate 

Although Bank rate is an endogenous variable in the model, it is 
legitimate to consider the effect of an exogenous increase which can be 
interpreted as resulting from a change in a parameter (most simply the 
constant) in the policy reaction function, or from a suspension of the 
normal mechanism (the wartime cheap money policy being the prune 
example in the sample period) ** The longer-run effect on the balance 
of payments depends on the interest elasUcity of the expenditure function, 
although m the short run this is negligible relative to the effect on 
financial assets The impact effect on the balance of payments thus 
depends mainly on the relative interest elasticities of the demand for 
money and for bonds and on the relative speeds of adjustment of money 
and bonds, a nse m Bank rate tends to improve the balance of payments 
in the short run, since |ag^i 7 | > |ot 7 ^i 5 l This is very much in line with 
traditional accounts of the effects of changes in Bank rate 

In summary, the model exhibits all of the features of the standard ' 
monetarist model as properties of its steady state, although it has a much 
richer dynamic structure than can be considered in purely theoretical 
analyses Indeed, its short-run dynamics in respionse to various exogenous 
changes accord more closely with conventional views about the adjust¬ 
ment mechamsm than do most extsung monetary models 

Estimates of the structural parameters arc obtained from annual data 
for the period 188S-1970 using a full-information maximum-hkchhood 
technique for estimating the coefficients of a discrete approximation to a 
system of differential equations developed by Wynier In esumatmg the 
model, the income elasticities arc constrained to be equal, but not unity, 
since It is desirable to test whether or not = 1 In addition, •* 
constrained to be zero, since there has^rbeen a rising rat'o of government 
spending to total income over the sample period, financed in part by 
rises in average tax rates The parameter estimates, together with the 
f-ratios derived from the estimates and their asymptoUc standard errors, 
arc presented in table 1 . 

The estimates are generally very plausible, with all signs in accord -with 
prior beliefs and the income elasticities of demand (^j) not significantly 
different from umty, although the piomt estimate is slightly greater 
Exanunmg the adjustment speeds measured by the parameters * 4 , Xj, 
and ag, which can be interpreted as the rcaprocal of the mean of an 
exponentially distributed lag with which the logarithm of each relevant 
variable adjusts to changes in the variables influencing it, we have 


** Thu u modeled by asnuning that ihc desired level was a constant amount below 
what It otherwise would have been in IJMO-Sl The amount a measured by ^is >n the 
model 

** Wymer (1972) provides a general iheoroucal d i s nis si o n of the econometne uauea. 
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TABLE 1 

EiriHATEs OF STRuonjKAi. Pakamktbiu of a Monetary Model, 1883-1970 


Parameter 

Estimate 

I-Rado 

Parameter 

Estimate 

t-Rauo 


0 2108 

3.61 

011 

-0.0283 

1.51 


0 2880 

504 


0 5199 

15.25 

83 

0.4601 

5.19 


0 8463 

9 23 


0 2818 

504 

01* 

0 3174 

5 31 

>s 

0.1341 

4.10 

012 

-0.2093 

12 31 

0 l 6 

0 0784 

248 

Ai 6 

5 8169 

4 24 

Cty 

0 1874 

8.77 

017 

2 0102 

4 78 


0 0691 

4 25 

01, 

03465 

399 

89 . 

0 6881 

564 


-0.6199 

5.03 

y 

-0 1332 

4 55 

020 

0.3147 

1.07 

01 

-0 2393 

2 84 

fill 

-0S88I 

344 

02 

1 0246 

76 09 

022 

-0 2331 

2 33 

02 

-0.2887 

444 


0 0588 

1 J 21 

02 

0 2298 

1 19 

02* 

00100 * 


02 

-0.9325 

3 42 




0» ■ 

-3 4216 

4 97 


0 0172* 


07 

-0.3737 

5 11 


0 0370 

244 

02 

-0.2731 

444 





0 9412 

3 52 




010 

0 7525 

358 





* Vklue impoMd 


approximate mean time lags of just over 2 years for imports, 3\ years for 
output, 5^ yean for money balances, and 15 years for bonds The other 
adjustment parameters 82 , otj, and 89 need to be considered in 
conjunction with the other influences on the relevant variables, thus, 
exports adjust with a mean lag of 3^ years if output is growing at its 
steady-state rate, and more quickly if output is growing faster Expenditure 
adjusts with an average lag of just under 5 years if the money market is 
in equilibrium, but expenditure rises more or less rapidly depiending on 
whether or not the private sector has excess money balances, and the 
estimate of y mdicates that the discquihbrium real balance effect is 
powerful and significant The price of output and of exports adjusts on 
average quite slowly to changes in world pnees or the exchange rate (with 
85 s .13 and a« •= 08), but since prices also adjust to contemporaneous 
changes in government spending and domestic expenditure, and to 
changes in import paces in the latter case, pace adjustment is more rapid 
than the partial equihbnum speeds suggest The pardal equilibrium lag 


F* For the period to 1939, .0743 and a$ 0896, luggoung that for the penod 

to 1939 the compoaition of poitfolioa adjusted relatively quickly, providing empincal 
ttqiport for the coiyecture advanced by Frenkel and Rodnguez (1975) As noted above, 
thu conjecture is not supported by the estimates for the period to 1970, and it M possible 
that, while asset adjustment has tended to become more rapid in the postwar penod, as 
implied by the comparison of the two estimates of rt, this has been approximately ofhet 
m the case of bonds by die extensive postwar controls on the Bntish caintal account. 
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in the adjustment of Bank rate is about a year and a half, although Bank 
rate also reacts strongly to contemporaneous changes in U S interest 
rates, as indicated by the estimate of and the targets of stabilizahon 
policy. 

The general impression given by these resulu is that the economy 
adjusts rather more slowly than the emphasis in many theoretical 
contnbuUons suggests In interpreting this result, one should recall that 
one reason for kgs in adjustment when actual values of the explanatory 
variables are incorporated into the supply and demand functions is the 
lag in the formation of expcctaUons about the “permanent” variables 
which arc assumed to influence economic behavior, whereas theoretical 
models often assume that expectations arc given If, for example, the 
S^-year lag in the adjustment of money balances is interpreted as mainly 
reflecting a lag in the adjustment of permanent income, following a 
change in measured income, it seems more plausible than if it is 
interpreted as reflecting only the costs of adjustment in the money 
market The current model is not designed to discriminate among the 
various possible reasons for lags in adjustment 

Even with stress given to lags in the formation of expectations, the 
average lags may appear too long to some It is worth noting, however, 
that some eminent applied economists have judged adjustment lags to be 
very long indeed For example, Keynes devoted several pages in the 
Treattse to discussing the effects on European prices of the Spanish gold 
discoveries of the sixteenth century, quoting Smith’s opinion that English 
prices were first affected in 1570 and that the full effect was not worked 
out until 1636 Fisher (1930) repeatedly stressed the long lags in the 
adjustment of pnee expiectations that are imphed by the adjustment of 
nominal interest rates to changes in the rate of inflation The data 
available to these wnters excluded recent expenence, when adjustment 
may be more rapid,** but quite a lot of recent econometric evidence, 
using quarterly piostwar data, also suggests that the lags are relatively 
long The model developed by Beigstrom and Wymer (1974), for example, 
has average lags of over a year in several equations, and the model as a 
whole generates an (explosive) 21-year cycle Ando (1974, p 566) 
reports that the MPS model takes 8-10 years to produce complete 
“crowding out” of private spending as a result of an increase m govern¬ 
ment spending, and even longer for the nominal value of output to return 
to Its original level 

**Joiuon (1975) presents a second-order model of the moneury sector to illustrate 
one way in which this problem can be tackled 

** Keynes (1930, 2 158, n 2) 

** EiUmatci of the panuneters of the model for the period to 1939, which indioite the 
cRect of postwar c x perieoce on the etumates for tiw whole penod, are dncuMcd la 
Jonson (1975) In general, they are quite siiiMlar to ihoac for the foil period, an important 
excepuon being the ettimate of ay, ducuned above 
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With regard to the structural parameters, perhaps the most interesting 
finding is the relatively high values for price and mterest elasticities. Of 
particular interest is the price elasticity of demand for exports, which at 
— 3.4 is much higher and more significant than conventional results 
suggest, and even the impact elasticity approximately unity As 

the allocation of changes in expected sales between output and imports is 
also significantly influenced by relative prices (as indicated by fi-,), there 
seems httle doubt that the famous J-c\xrvt in the U K. current account is 
indeed a monetary phenomenon The interest elasticities of the de¬ 
mands for money and bonds are also highly significant, and quite large 
in the latter case. This means in effect that international capital flows 
respond sigpiificandy to changes in domestic and foreign interest rates, 
and also to anticipated changes in the exchange rate. Interest rate changes 
also have significant expenditure effects, indirecdy via the real balance 
effect and direcdy because of the interest effect on desired expenditure, 
measured by ^3 The net partial eqmlibnum effect of a sustained change 
in Banlc rate is quite small initially but increases over 

time as the money market comes into equilibrium, this is in accordance 
with the existing evidence about the time profile of interest effects upon 
expenditures 

The two disequilibnum or Phillips effects on price adjustment, 
represented by ^9 and yjjo, are significant and have large coefficients, 
indicating that British pnees diverge substanUally from purchasing-power 
parity over a lengthy “short run” during which government spending and 
private sector domestic spending deviate from their steady-state growth 
paths This finding, together with the esUmate of a,, suggests that the 
theoretically attractive small-country assumption of strict commodity 
price arbitrage must be modified markedly in the British case. 

The other interesting results relate to the policy equation, which shows 
the extent that Bank rate responds systemaUcally to deviations of both 
income and reserves from their targeted growth paths. There is an 
interesting asymmetry of response of Bank rate to changes in official loans 
(which raise both reserves and liabilities) implied by the estimates of ^23 
and P 23 > vvrhich suggests why the Bntish balance of payments has not 
tended to be stabilized automatically in recent years. The coefficient 
indicates that, if domesuc prices nse above traded-goods prices, Bank 
rate is rabiced While this seems at first sight to be perverse, it is not 
entirely irrational if the authorities are aware that a rise in pnees above 
purchasing-power panty will, by itself, tend to produce reductions in 
prices, and vice versa, as indicated by equations (5) and ( 6 ) Their 

Cf. Jonion and Kierzkowski (1975) argue, contrary to the conventional wuriom 
which itroKS low or aero pnee elasdcittei in the Bntish trade account, that Britiih 
monetary pcdicy explains the 7-curve in the U.K. balance of payments ibilowing de¬ 
valuation in 1967. 
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response would then be interpreted as being motivated by an attempt to 
cushion the expected fall in prices Whatever the reason, this aspect of 
policy reaction could provide a destabilizing influence on economic 
fluctuations Nevertheless, calculation of the eigenvalues of the estimated 
model indicates that the stabilizing feedbacks in the private sector arc 
strong enough to ensure that the system as a whole is stable 

« 

rV. Some Implic^ationa 

Figures 11, 12, and 13 present the tune paths of the price level, output, 
and international reserves over the sample pienod, along with the control 
soluuon values (represented by the dotted lines) obtained from a dynamic 
simulation of the model from 1885 A dynamic simulation of a macro- 
cconomctric model is in effect a very stringent test of its goodness of fit, 
and the figures illustrate that the model tracks broad historical experience 
rather well A slightly modified version of the model also tracks quite 
well the experience beyond the sample period from 1971 to 1974, and m 
particular explains the recent takeoff of BriUsh inflation, which rose from 
an annual rate of approximately 7 percent in 1970 to almost 12 percent 
in 1974 Given that the model explains British macroeconomic experience, 
It can be used to analyze the contributions of each exogenous variable to 
deviations of the endogenous variables from their steady-state growth 
paths The following account discusses postwar expenence; this is 
compared with the earlier experience by Jonson (1975), who presents the 
details of the simulation analysis discussed here 

Britain, along with her major trading partners, entered the jjostwar 
period with enormous excess money balances, and a further major 
monetary shock was provided by devaluation in 1949, which substantially 
changed the relative prices of traded and nontraded goods during the 
adjustment period These disturbances together resulted in a penod of 
excess demand for Bntish goods, which took a considerable penod to work 
Itself through the system, if the estimates of the lags presented above arc 
approximately correct Thus, the histoncally low levels of unemploy¬ 
ment in the 1950s and early 1960s were, according to the present model, 
in part a consequence of two major monetary disturbances^® as well as 
the increased fiscal activism which has been pracuced in postwar Bntain 
It IS conceivable that the effects of two major monetary shocks convinced 

* • The modificsucm was introduced to allow for the Heath-Barber tax cuts in the eariy 
1970s and the attempt to establish "competiuon and credit control” in the ba nk i n g sector 

** Fnednun (1972) also conjectured, on the basis of less formal evidence, that U K 
money balances took a considerable penod lo return to normal following World War 11 

*® Compare Johnson's (1975) suggestion that the revaluation and mooetary itnngency 
of the early 1920s raised the unemployment rate above lU equihbnum or natural level 
for a considerable penod and produced ibe conditions which motivated Keynes s GMasf 

Thmy. 
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1^0 11 —Pncet kctujJ »nd control loIuUon 


British policymakers that they had solved the unemployment problem 
solely by using Keynesian demand management policies. When the 
effect of the monetary disturbances began to wear off, it would then seem 
appropriate to resort to more and more fiscal activism, driving the price 
level above purchasing-power parity and necessitating the 1967 and more 
recent devaluations. 

The postwar penod has seen relatively strong growth in world income 
and a rising world price level. By itself, the buoyancy of world demand 
and prices accounts for most of the postwar rise in Bndsh prices and, 
together with the large official loans, has enabled U K. international 
reserves to grow slowly The simulations indicate, however, that if real 
U.K. government spending had grown at the same rate as real income, 
international reserves would have grown much more rapidly, and the 
United Kmgdom would not have had to resort to borrowing to maintain 
its reserves. In this sense, it can be said that the rest of the woNd has 
financed much of the postwar growth of the U.K. government sector. 
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This Strong growth of government spending, with the associated monetary 
effects, explains both the tendency for British pnees to nsc more rapidly 
than world prices and the slow growth of Britain’s international reserves 
These results suggest in particular that the current British macroecononuc 
cnsis IS a direct result of the Heath-Barber dash for growth in the early 
1970s and the accelerated growth of government spending more recently 
The model suggests that there is httle mystery about current British 
inflation and Bntam’s associated macroeconomic problems, and no need 
to resort to untestablc assertions about union leaders “plucking numbers 
from the air Return to a more acceptable configuration of price, 
output, and reserves growth will mvolve a painful period of relatively 
slower growth of demand, particularly by the government sector The 
costs of this have to be compared with those of the continued or accelerat¬ 
ing inflation which will result if recent trends persist. 


♦* Wiles (1973). 
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Flo 13.—Official rcKrvci actual and control wlution 


Appendix A 

Tbe Model u ■ Whole 

n log d > «,(log d - log d) + y(log w - log Mjp) 
£) log * = «i(log » - log x) + ^4 log (7/y**'') 
Dlagt = «3(log < - log •) 


D log> « a 4 (log^ - log ji) 

^ - [1 - 
5* « (d + jf + 

log P - «s[k)g Ef^-iogP+ P, log 

+ ^inlog + jJiiQZ* 


Z) log P, ■= «6(l0g ^1 “ log Px) + Pl 2 ^ log ^1 + l®g P 


( 1 ) 

( 2 ) 

(3) 

(4) 

(5) 

(6) 
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2>log£ 

t 

D log r* 


r 

DC 

DR 


«,(log ft - log Mip) 

+ Ff» 

«*(log J - log Bip) 

+ f)-^7 
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(7) 

( 8 ) 


«9 log (''o/'*) + fii»D log r, + 

+ fiio log {yly*t^'‘) + ^ 2 , log {PjP,) 

+ fit! log [RIR*e<*‘*^^V] + log (9) 

Toe'w'CPji/i (10) 

Pg-T-DB (11) 

DM - DC + DL (121 


Appendix B 

The endogenoui variables are 

d = real expenditure (consumption plus investment) 

X ^ real exports 
I =■ real imports 
y = output 
P = pnee of output 
P^ = price of exporu 
M == money balances 
B => net bonds 
bank rate 
7" = tax receipts 
C = domestic credit 
R o sterling value of ofRcial reserves 

The exogenous vanables are 

g » real U K government current spiendmg 
y„ = world income (proxied by U S. GNP) 

P^ = world prices (proxied by U S. GNP deflator) 

Pf = world traded-goods prices in sterlmg (proxied by U.K. import prices) 
s world interest rates (proxied by U S. bank rate) 

E = exchange rate (proxied by mverse of doUar-pound excbai^ rate) 

F =• expected change in the exchange rale (proxied by the forward discount) 
L s official loans and cumulated value of official revaluation gams and losses 
Q1 = dummy variable with value unity for 1917-21, aero otherwise 
Ql' = dummy vanable with value unity for 1916-20, aero otherwise 
Q2 «= dummy vanable with value umty for 1940-47, aero otherwise 
Q3 = dummy variable with value umty for 1940-1951, zero otherwise 
t = tunc 

The expected coefikient signs are 

®i> ®2» ®s> ®Sf ® 6 * *7> ®s> 89 > 0 , y < 0 

Pit P<t 09% Pl 9 t P\lt P\lt P\tt Pllt P\9t Piot Pii> Pia ^ 8 
Pit Pit Pit Pat Pit Pat Pm Put P 191 Pn < 0 
Pit $ 8 
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(The steady-atate levels of the targeted value* in the policy reaction function 
cannot be independently estimated, andjf*, JR*, and L* are set equal to the values 
of output, reserves, and loans in 1884. The only result of an incorrect choice of 
these vanables is to bias the estimated constant in the pohcy reaction function (rg). 
The coefficients whose signs are indeterminate a prion are the constants in various 
equations, except for the relative price elastiaty in the piolicy reaction 
function, discussed above.) 
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Private Pensions and Savina* 
New Evidence 


Alicia H. Munnell 

Ftdtrai Reserve Bank of Boston 


This paper examines the impact of private pension coverage on the 
saving behavior of men in their preretirement years The empirical work 
18 based on the Ando-Modigliani model which permits explicit recog¬ 
nition of differences in expected retirement age between covered ai^ 
noncovered groups The data originated in the 5-year Labor Department 
sample of men aged 45-59 in 1966 The results clearly mdicate that, 
contrary to earlier work by Cagan and Katona, peiuion coverage reduces 
saving in other forms 


With the enormous growth of both Social Security and pnvate pensions 
(see table 1), there has been increasing concern about the impact of these 
retirement programs on individual saving behavior The response of 
individuals to guaranteed retirement income i"; important because the 
future welfare of reared persons dcpiends significantly on whether they 
reduce their own saving for each dollar of expected pension benefit 
or whether they use their pensions as a base on which to build for a truly 
secure reorement Furthermore, in order to predict the future supply 
of capital It is esscnUal to know whether the reserves accumulated m 
pension funds are being offset by lower individual saving or whether 
these reserves represent a net addiUon to the supply of capital 

This paper will present the results of a study on the effect of pension 
coverage on saving behavior for a sample of approximately 5,000 men 
who were between the ages of 45 and 59 in 1966 Data were collected 
by the Bureau of the Census, under contract from the Labor Department, 
in a senes of surveys over the 5-ycar penod 1966-71 Contrary to earlier 
empirical work on the effect of pension coverage on saving, the findings 

I would hkc to thank Martin S Fcldsiein for helpful comments on an earlier draft of 
this paper, 1 am also totally indebted to Lucy Rexroad and Joanne Grotnic tor their 
computer support. An earher draft of this paper was presented at the National Bureau of 
Economic Research Conference on ** Fhe Economic Impact of Pensions" in Washington, 

D.C., May 1975 
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TABLE 1 

Gmovsrra o> Puvati Pcmiioki, 19S0-7S 


Ck>NTiuauTioiM ($ milUom) Bbnbfiti 



Total 

Employer 

Employee 

N 

Beneficiaries 

(thoiuands) 

Amount 
of Payments 
($ milhons) 

Rmavas, 
Endov Yoax 
($ bilhons) 

1950 

. 2,080 

1,750 

330 

450 

370 

12 1 

1955 

3,840 

3,280 

560 

980 

850 

27.5 

I960 

5,490 

4,710 

780 

1,780 

1,720 

52.0 

1965 

8,360 

7,370 

990 

2,750 

3,520 

86.5 

1970 

14,000 

12,580 

1,420 

4,720 

7,360 

137.1 

1973 

21,105 

19,390 

1,715 

6,130 

11,220 

180.2 


Source—K olodnibets (1975) 


of this study indicate clearly that pension coverage reduces saving efforts 
in other areas—at least for those older men for whom retirement is the 
primary saving motive 

Part I of this paper will discuss the theoretical alternatives and comment 
briefly on previous work on pensions and saving. Part II describes the 
nature of the sample used in this study, while Part III presents the 
empirical results The final section provides the conclusions and their 
implications for aggregate saving 

I. The Effect of Pensions in a Life-Cycle Saving Model 

Pension coverage could affect saving behavior in either of two ways 
Traditional saving theory indicates that pnvate saving would decline as 
individuals respond to the addiuonal security provided by pension 
coverage However, the more piopuiar view, based on two cross-sectional 
studies by Cagan (1965) and Katona (1965), has been that the prospect 
of pnvate pension benefits stimulates savmg by providing a base on 
which to build toward an adequate retirement income. 

The study by Phillip Cagan (1965) analyzed the saving behavior in 
1958-59 of over 15,000 members of the Consumers Union Cagan’s 
explanation of the surpnsing results was that piension coverage calls atten¬ 
tion to retirement needs and prospects, and thereby fosters a “rccog- 
mtion effect” that counteracts individuals’ disinclinauons to plan for the 
future ‘ 

‘ At part of a study on TUt Effut <if Social Seamty on Pcrjonal Saouigs (1974), this author 
reanalyzed a subsample of Cagan’s Consumer Union survey using multiple regretuon 
techniques and the results directly contndicted Cagan’s early conclusions There seem 
to be three contributory factors that can explain the contradictory results Fust, the sub- 
sample contains more infonnation than Egan’s since it includes all four rounds of 
quetuonnaires Furthermore, the savings data are constructed through detailed balance 
dicet informauon rather than by respondents* estimates of "approximate changes" in 
broad categories of assets The subsample was also subjected to constderably more 
elaborate screening and consistency checks. The second factor contnbuting to»the new 
results IS the method of analysis. Omng to the size of Cagan’s sample, be was not able to 
standardize for a large number of socioeconomic variables simultaneoudy. Muluple 
regresuon analysu made it possible to isc^te the impact of pension coverage from that of 
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The study by George Katona (1965), based on personal interviews 
with about 2,000 consumers in 1962-63, also concluded that pension 
plans stimulate voluntary savmg Katona added a second explanation 
for his results, hypothesizing a “goal feasibility" effect where individuals 
intensify their saving efforts the closer they get to their retirement goal 
This eicplanation makes saving preferences endogenous and constitutes, 
therefore, a dramatic departure from traditional consumer theory 
Recent studies of the impact of Social Security benefits on piersonal 
saving tend to contradict the private pension findings and are more 
consistent with life-cycle saving theory—see, for example, Munnell (1974) 
and Fcldstein (1974) These studies suggest that individuals have reduced 
their saving in respionse to their guaranteed benefits under the Social 
Security system These studies have also brought out a secondary impact 
of pension plans on saving these plans nught influence saving behavior 
indirectly by altermg the retirement decision In the case of Social 
Security, it seemed very clear that the declining labor force activity 
of the aged since the introduction of the system has strongly stimulated 
savmg, thereby weakening the overall depressant effect of guaranteed 
retirement benefits 

This retirement effect may have contributed to the surpnsing resulu 
in the early studies that pension coverage stimulated saving. Since pension 
coverage is usually accompamed by compulsory retirement,* covered 
employees may simply have increased their saving in anticipauon of an 
involuntary retirement Fortunately, a fully specified life-cycle saving 
model can make allowance for differences in expected retirement age 
between those covered and those not covered by pension plans 

The framework for analysis in this study was the Ando-Brumbcig- 
Modigbani life-cycle saving model where consumption is a function of 
lifeUme resources—sec Modighaiu and Brumberg (1954) and Ando and 
Modigliani (1963) 

+ ( 1 ) 


educauon, family tue, income, age, and other factors Finally, the of 

•ample focuKsl on the iaving behavior of tho« penon. moat concerned 

retirement mdividuab aged 55-64 If a nibiatuuon effect of pennon laving for pnvate 

•aving emated it would cleariy be found among memben of thu 
1W mtenuted in further detaiU may contact the author for a su^ry 

» Evidence that pnvate pennon pUm and reUrement go^thcr wa s provid ed ^ a 
•mdyT^pulm^ reticent aJ^ firm, employing 50 or 
Sl^T^tha. plant, which have neid^r a pennon 

tend overwhelmingly to have a completely flemble retirement pohey. 1^ 

p^6). In of Labor Statuue. 

of pemim rinm oonuHilicnry rctirerocDi, At that ume, neaily perceo 
pl^wth than^'^^t of covered worken had mvoluniary rettremenl pro- 

visicint (O.S. Department of Labor 1965, p 27) 
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where D « age at death ■» (7* + LE), T « age in period t, F, ■« actual 
income in period t, Y* ^ expected income in subsequent periods, 
A,^i asset holdings at beginning ofperiodt, and L£ — life expectancy. 
The expected future income expression can be rewritten as the sum of 
future earned income plus expected pension benefits after retirement 
Assuming future earned income is equal to income in period t (or that 
the rate of growth of earmngs is equal to the discount rate), then total 
expected income can be written as follows. 

{D - r)F* - (J? - T)Y, + (i> - /?) PEN, (2) 

where R = expected retirement age 
Therefore, 

C. = 7^ [!',(! + R - T) + {D - R)PEN + A,.,] (3) 

LE 

S,= Y,- C, (4) 

[F,(l + R - T) + [D - R) PEN + A,.,] (5) 

LJl 

= i P . r L) y _ PEN - (6) 

LE LE LE ^ 

where PEN = expected pension benefits All the empirical work was 
earned out within the framework of equation (6), although other vanables 
were added to help standardize for vanation in socioeconomic charac- 
tcnsucs 


n. Data 

The data for this study were denved from a senes of surveys conducted 
by the Bureau of the Census, under contract from the Department of 
Labor, over a 5-year fieriod from 1966 to 1971 The subsample used in 
the paper included employed male heads-of-households who were aged 
45-59 in 1966 Although the mam purpose of the surveys was to “desenbe 
and explain labor force participation, employment status and mobility,” 
considerable data were also collected on financial and other characteristics, 
mcluding whether or not persons expected to receive pension benefits 
in addition to Social Security and Railroad Retirement. ^ 

The Labor Department sample is fairly representative of the population 
in general. The only deviation is considerable oversampling of black men 
in order to provide statistically reliable estimates for this group. The 
sample cases are weighted to reflect the different sampling ratios for whites 
and blacks so that the sample can be adjusted to reflect the ^tire non- 

* A detailed description of the survey is found m U.S. Department of Labor, Manpower 
Administration (1970,197S). 
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iiutitudonRl populRtion, In thu study, however, consistent data were 
available for only about 50-60 percent of the onginal sample, so that all 
resulto arc presented in terms of the actual number of cases rather than 
the entire populaDon 

A comparison of the income distribution and educational attainment 
of the Labor Department sample with census data for the relevant age 
group published regularly in the Current Population Reports reveals that 
the sample conuins a somewhat larger percentage of low-income indi¬ 
viduals than exists in the male preretirement population. In terms of 
educational attainment, the sample has a slightly lower percentage with 
high school and college education than the entire U S age group * 

The specific explanatory variables used in the empirical analysis 
include income and wealth data, saving informauon defined m two alter¬ 
native fashions, dummy variables for pension coverage, college cducauon, 
race, desire to leave inhentance, self-employment, and finally age and 
life expectancy data Smee asset data were only available for the years 
1966,1969,and 1971, saving behavior was analyzed over two time penods 
1966-69 and 1969-71 

Income —Net faimly income was available for each year, 1965-70, 
and was one of the key variables recreated by the Labor Department (on 
the basu of detailed decuion rules) 10 be as consistent as possible with 
counterpart variables in other years In accordance with the model, 
1966 income was used for the 1966-69 period, while 1969 income was 
used for the 1969-71 analysis In addition, a piermanent income variable 
was constructed by calculating a simple anthmeuc average for each 
respondent based on the number of years for which income was repiorted * 

Weedth —Detailed information on family assets waw collected in 1966, 
1969, and 1971 This net farmly asset vanable was also recreated by the 
Labor Department to be consistent with asset data in other picnods and 
income data wiihm the penod For 1966 and 1969, there arc no auto¬ 
mobile asset data in the wealth senes, consequently, liabihucs on autos 
also were excluded The 1971 net family asset figure had to be adjusted 
to exclude both auto asset and Iiabibty informauon to yield consistent 
data. 

SoBUig, —Two defiruUons of saving were compuicd for the analysts 
The first saving data were constructed by calculating the annual change 

* Income distnbuuon for census sample irom Camml Pepidatten Reperts Senes P-60, 
no 80, “Consumer locoroe,” p 34 Family income with male head, aged 55-64, all races 
Educational attainment distnbuuon for census sample from Cierent Peptdatum Reports 
Senes P-20, no 274, “Educational Attainment m the U S , March 1973 and 1974 ” 
Yean of education for males, age 55 yean and over, all races 

• Only 1,506 of the onginal 5,030 nspondents reported indome in all uur yean There¬ 
fore, the technique adopted was to calculate an anthmeuc average for each reqxndcnt 
bas^ on the available data. To construct a more complex measure of permanent incosne 
(such as one with geo met rically declimng weights) w^d have resulted in an inordinate 
reduction in the saunple sue. 
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in net family assets for the periods J969-66 and 1971-69. The advantage 
of these data was their reliability since net family assets had been carefully 
checked for consistency. The major disadvantage of these saving data, 
however, was the inclusion of capital gains—^particularly through appre* 
ciadon of house values* and, less importantly, through changes in the 
market value of securities. 

In an attempt to find data that would more closely approximate saving 
out of current income, an alternative saving variable was constructed 
based on changes in the original components of the net family asset data. 
With this approach, it was possible to eliminate capital gams through 
rising house prices, although gains through the stock market remained. 
Both saving variables were used in the empirical work in order to test 
the sensitivity of the results to the particular defimtion of saving. 

Rehrment age .—A series of questions was asked concermng compulsory 
retirement age, whether the respondent planned to retire early or (in the 
absence of compulsory reurement) the age at which he planned to retire 
From this set of questions an “expiected retirement age” variable was 
constructed. For the purposes of this study, those persons who failed 
to answer these questions were assigned an expected retirement age of 63 
Life expectancy —Each respondent was assigned a life expectancy for 
each of the three years (1966, 1969, and 1971) based on his age in the 
piarticular year and on his race (U S Department of Health, Education, 
and Welfare 1974, sec 5, table 5-3) 

Pension coverage .—Coverage by a private piension plan or Social Security 
were each represented by a dummy variable set equal to 1 if individuals 
expected to receive either pnvatc jjension and/or Social Security benefits 
Soaoeconomu variables .—Some socioeconomic vanables were included 
in the regressions in an attempt to specify the savmg relationship more 
precisely. The four dummy vanables reflect race, education, attitude 
toward inheritance, and employment status COLL » 1 (respiondent 
cxpienenced at least some college educabon), INNER » 1 (respiondent 
wants to leave inheritance), RACE = 1 (respiondent is nonwhite), 
SEMP = 1 (respiondent is self-employed) 

* The upward trend ui house prices was defiiutely reflected in the survey information 
at demonstrated in the following table. 


PUoBirrAOB DarxiBimoN or Hovaa Valubs, 1966-71 


House Value ($) 

1966 

1969 

1971 

1-9,999 

27.4 

23 4 

19.6 

10,000-14,999 

20.8 

16 5 

15.9 

13,000-24,999 

32 2 

30.1 

29.6 

25,000-49,999 . . 

17.7 

23.3 

29.5 

50,000+ 

1.9 

45 

5.4 


Total . 


100.0 


100.0 


100.0 
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for the enure survey Fortunately, there were no s.gn.ficanSer^c« 
m the mean values of the relevant variables in the two groups 


m. Emptricid Results 

M a prdude to cxplonng saving behavior, average net worth and net 
feancial assets were classified by age and income m order to compare 
the wealth of individuals expecung pension benefiu wnh those not covered 
by pnvatc retirement pUns ’ The resulu of these tabulauons (example 
summary in table 2) for 1966, 1969, and 1971 reveal that, except for 
very low-mcome individuals, those men not covered by pensions fairly 
consistcndy had greater wealth than those expecting benefits * 

To provide additional support for the hypothesis that persons covered 
by pensions save less than those not covered, the life-cycle saving model 
developed in the first section was tested empirically Several variants 
of the original formulation were tried for the two penods 1966-69 and 
1%9-71 and the results are summarized in tables 3-5 * The resulU con¬ 
sistently support the hypothesis that pension coverage reduces saving 
in other forms 

According to the model presented in the first secuon, savwg is a function 
of the following variables 


5, 


f. - '» y, - P- 

LE LE LE 


( 6 ) 


^ Coverage under pension plans includes workers who arc covered by the civil service 
and military pensions as well as workers with private industry plans In terms of the 
certMintY of receiving benefitJ, the government plans arc more hke Social Security On the 
other hand, government pensions are partially funded m contrast to Social Secunty's 
pay-a»-you-go financuig 

• Sinular evidence has already been presented for 1966 by Gdd (1972) 

•The 1966-69 sample included 2,649 observations, while the 1969-71 originally 
included 2,608 However, 6ve outliers were clinunatrd from the Utrr samj^ bccaiae 
they distorted the positive relationship between income and saving This appeared to be 
legitimate m view of the high capital locses reported by the outliers, all of whom had 
incomes tn cxccn of $30,000 but dissaving in excess of $20,000 Wlicn the equauons were 
then fitted to the smaller (2,603) sample, the cocfficienu conformed to those denved 6rom 
the earlier sample penod The outlying observations reported the following 


Income 

Wemlih 

Saving 

$40,000 

$655,000 

-$IB8,000 

50,000 

220,000 

-17,500 

32,000 

207,000 

-60,500 

39,000 

52,000 

-19,500 

31,000 

255,000 

-69,000 
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From this theory, the propensity to save out of earned income, Y,, is 
proportional to the ratio of an individiuil’s retirement span (D — R — 1) 
to his total life expectancy (LE) Total savings will be reduced by a 
fraction, also dependent on retirement and/or life expectancy, of expected 
pension income and total assets. To test this model, each individual’s 
earned income and expected pension income were introduced into the 
equations weighted by the appropriate ratio of retirement years to life expec¬ 
tancy and assets were introduced divided by the individual’s life expectancy. 

An example will help to clarify the nature of the equations. The average 
individual in this sample was 51 years old in 1966, with a life expectancy 
of 22 more years and an expected retirement age of 65, and had an in¬ 
come of $8,350 and total assets of $19,500 The income variable entered 
mto the regression for this mdividual would be [(73 — 65 — l)/22] 
X $8,350 = $2,672 and the asset variable would be $19,500/22 = $886 

In short, each income and asset variable in the equation is weighted by 
the theoretical propensity to save. If the theory is correct, then the coeffi¬ 
cients of income and assets each weighted by the hypothetical saving 
propensibes should be equal to -I-1 and — 1, respectively.* ° If data on 
expected pension income had been available, then the coefficient of this 
Item weighted by the ratio of retirement years to life expectancy should 
also be — 1 However, since dummy and proxy vanables were used for 
pension income, the expected coefficients for the pension vanables have 
to be discussed withm the context of the specific models presented below 

The dependent vanable in the following equations is the dollar amount 
of saving based on the annual change in net family assets for the jicnods 
1966-69 and 1969-71 With this definition, annual saving average 
$1,904 for 1966-69 and $2,275 for the later jieriod This saving vanable 
was used because the extensive consistency checks made possible greater 
confidence in the accuracy of the informaUon. All equations were re- 
esUmated for the alternative savmg defimtion which excluded capital 
gams on houses, and the results were consistent with the equaUons in 
tables 3-5. 

Model I —The first formulation was based on equation (6), but in the 
absence of explicit expected piension benefits, dummy variables were 
mtroduced for coverage by private pension plans and Social Secunty. 
Therefore, the first set of regressions was estimated using equation (7) 

5, =. a,[(D - i? - \)jLE] Y, - «,[(!) - R)ILE] ■ PP 

- «,[(/) - R)ILE]-SS - «*[{^,.,)/!£], 
where SS and PP indicate coverage under Social Security and private 

** Actual coefficient! would deviate loinewiiat from the hypothetical vafue* of unity 
if the current income used m the regrenion were lower or higher than a hoinehold'i 
expected lifetime income. Prefumabty current income would be below lifetime income 
for younger homdioldi and above that for older households. Therefore, inso&r as con¬ 
sumer durables including bouses are excluded from saving, the coefficients would be 
lower in the saving equation for younger households and hitler for older households. 



PRIVATE PEraONS AND 8AVINO 

1023 

plaM respectively. In keeping with the theoretical framework, the dummy 
variables as well as the income and asset variables were multiphed by the 
propensity to save 

The equations are presented without an intercept since the theory 
impUcs that the function should pass through the origin “ As discussed 
above, the coefficients of the weighted income and asset terms should be 
+ 1 and -1 The coefficicnte of both the Social Security and pension 
dummies should be negative, while all four socioeconomic variables— 
education, desire to leave inhentancc, self-employment, and race— 
would be expected to have a posiUve effect on saving ‘ ^ 

The results obtamed by estimaui^ equauon (7) for 1966-69 and 
1%9-71 are presented in table 3 All coefficients are reasonable m sign 
and magnitude. Wealth and income have coefficients amazingly close to 
— 1 and +1, rcspecuvcly Both pension coverage and Social Security 
discourage saving, although Social Security tends to have a more signifi¬ 
cant impact To esumate the magnitude of the effect of pension mcome 
on saving, the pension dummies have to be muluphed by the hypothetical 
saving propensities {D - R)jLE which amounted to 38 in 1966 and 
47 in 1969 Applying these propensities to the coefficienu in the fully 
specified equation (3) of table 3 reveak a negaUve impact on saving of 
$671 ( 38 X $1,767) associated with coverage by a private pension 
plan and $1,420 ( 38 x $3,737) for Social Security For 1%9-71 the 
comparable magnitudes were $2,431 for pension coverage and $1,815 for 
Soaal Secunt>’ 

The mag^tude of the Social Security effect in equations (3) and (6) 
arc consistent with the numbers denved from a very simple example 
Consider the average individual in 1966 with annual mcome of $8,350 
and assets of $19,500 who expects a Social Secuniy benefit cqtuvalcnt to 
the existing maximum His lifetime wealth can be cstunated as follovn: 


Expected earned income ($8,350 x 13 5 years) = $112,725 

Expected Social Security benefits ($3,420 x 8 5 years) = 29,070 

Assets in 1966 = 19,500 

Eixpected lifetime wealth =: $161,295 


According to the life-cycle hypothesis, an individual would consume 
l/L£or $161,295/22 = $7,332 ofthis expected lifetime wealth each year.‘* 

All equationt were dumated both with and without intercepts Generally, die 
coefficient of the intercept term wai not significantly different fi'om zero Furthermore, the 
inclusion of an intercept term had no effect on the coefficiena of the other vanablca. 

^ ^ On the basis of the relative income hypothesis, since blacks as a group sue poover 
than whites they would tend to save more than whites kt any given income level 
(Duesenberry 1967, p. 50) 

** Thu caiculation imphea saving out current income of $1,018 tn 1966-^ and 
$1,629 in 1969-71. Actual laving fix' the sample amounted to $1,904 in 1966-69 and 
$2,275 in the later period. The ducrepancy between the two figures can be expUizwd by 
the fact that in the emputcal work saving was defined as the change in the value of total 
assets— u i d ud m g capital gams. 



TABLE 3 

LiFE-Cvcajs SAViNas Model with Pzndok Dumuie*. 1966-69, 1969-71 
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In the abKnce of SocUl Security, the individual’s expected lifetime wealth 
would have amounted to $132,225 and his consumption would have been 
$132,225/22 *= $6,010 The increase in annual consumpuon and con¬ 
sequent deduction in annual saving due to the guarantee of 8.5 years of 
Social Security benefits is equal to $7,332 - $6,010, or $1,322 This 
reduction is very close to the $1,420 estimated in equation (3) Further¬ 
more, if a similar exercise is carried out for the 1969-71 period the cal¬ 
culated reduction in savmg due to future Social Security benefits is 
$1,847* ♦—remarkably close to the $1,815 estimate from equation ( 6 ). 

The magnitude of the effect of private pension coverage for 1966-69 
of —$671 seems quite reasonable The average benefit from private 
pension plan amounted to about $1,550 during this period, which would 
imply a reducUon in saving of [(Z) - R) jLE] $ 1,550, or $592 The 1969-71 
results, however, arc out of line with the other estimates The average 
private pension benefit in 1971 was $1,684 which would imply an annual 
reduction in saving of $789—one-third of the amount indicated m 
equation ( 6 ) 

Most of the socioecononuc variables entered the equation with predicted 
signs and were quite sigmficant The exception was the race variable 
which was negative and not significant The equations are shown both 
with and without the self-employed vanablc to emphasize how seriously 
Its omission biases the pension coefficient * * 

Model 2 —On the assumption that pension income is proporUonal to 
earnings, the pension dummies were multiplied by .^ctual income to 
provide a proxy for the level of expected jicnsion benefits The results of 
these regfrcssions are presented in table 4 Multiplying by income seems 
to improve the performance of the socioeconomic as well as the picnsion 
dummies Particularly significant is the impact on saving of the desire 
to leave an inhentance when this dummy vanable is scaled by income 

The 1969-71 calculation u based on an average age in 1969 of 54 3, life expectancy 
of 19 9 more yean, and an expected rcUrement age of 64 8 Total lifetime wealth amounted 
to 10 5 yean of earmngs at $9,800, 9 5 yean of Social Secunty bcncBu ai $3,888, and 
aaseti of $23,580 for a total of $163,416 Consumpuon wiih Social Sccunty income would 
amount to $163,416/20 or $8,171 per year In the abaence of Social Secunty, only 
$126,480/20 or $6,324 would be consumed annually The reducuon in saving due to 
Social Secunty amounts to $1,847 ($8,171 — $6,324) per year 

1* Our original model was of the form » = t, INC + Sj COVPP + ij COFSS + 

ASS, whereas we should have been estimating 3=0, INC + 0t COVPP + />» 
COKE$ + ASS + 0i SEMP + s Using the conventional notation, the bias on the 
penuon vanable caused by ihe omission of the self-employment vanable can be esumated 
as follows B{0i) — /I, + Pf,0i, where P^, a the slope coefficient in the regression of 
the excluded self-em^oymeni vanable, SEMP, on the included independent variable, 
COPPi*. Since self^mploymeni and pension coverage are strongly negatively correlated 
and 0f u large and potiuve, the co^cieni of pension coverage is sigmhcantly biased 
downward and the negative effect of pension coverage on saving is senously oventaied 
A« expected, th e t efc t e , the inclusion of the SEMP vanable m the equation reduces the 
bias on the COVPP variable and significantly reduces the coefficient of the peiaion 
variable. 
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In the completely specified third equation for 1966-69, Social Security 
benefits once again have a larger and more significant impact on saving 
behavior than benefits from private pension plans. This seems quite 
reasonable since Social Security benefits are guaranteed, while private 
pension benefits are dependent on complicated vesting procedures. 
If some adjustment could be introduced for those persons having fully 
vested benefits, the significance of the impact of vested benefits on saving 
would probably approach that of Social Security. 

To calculate the quantitative impact of Social Security and private 
pension benefits on saving in equation (3), the coefficients of the pension 
coverage variables must be multiplied by [(i) — R)ILE]-Y, or .38 x 
$8,350. This calculation reveals a negative impact on saving of $73Q 
for private pension coverage and $1,872 for Social Sccunty. These result: 
are very similar to those in table 3 and are qmte reasonable 

The 1969-71 results are remarkably consistent with those for the earliei 
period with the exception of the coefficient of Social Sccunty, which is n< 
longer significantly different from zero once the socioeconomic variable 
arc included in the equation In an attempt to construct a closer proic 
for Social Security income, the coverage dummy was multiplied by , 
discontinuous income vsuiable. For 1966, the Social Security dumm 
was multiplied by the individual’s actual income if income was let 
than $6,600 and by $6,600 for all larger incomes. For 1969-71, th 
comparable figure was $7,800 ** When this improved proxy for Socii 
Sccunty income u included m equations (4) and (9) of table 4 tf 
coefficients for the two penods are both close to — I and arc significant! 
different from zero 

Equations (4) and (9) indicate an annual reducuon in saving of $81 
for pension coverage and $1,684 for Social Security in 1966-69 ai 
$2,119 for pension coverage and $2,477 for Social Security in 1969-7 
These figures are slightly higher than expected, but withm a complete 
reasonable range. The excepuon is the laige increase in the impact 
pnvate pensions from 1966-69 to 1969-71 

A final modificaUon to the model was introduced in equations (5) a 
(10) in table 4 where current income was replaced by a simple measv 
of permanent income The inclusion of permanent income increases t 
explamed vanance, while the coefficients of both the Social Secur 
and pension income become more sigmficant. As expected, the coefficii 
of the Social Security income variable is larger and more sigmficj 
than that of pnvate pension plans. 

No individiial retmng in 1966-69 could have actually had a reuranent bei 
baaed on the full $6,600 The highcat avenge covered eamingi for aomeone retinni 
1966 who had always paid the maximum tax would have been $4,800«Lilcewiae, no 
rettnng in 1969-71 would have had average covered earmnga of $7,800, aa the maxin 
figure would have been $5,337 for any mdividual retiring m 1969. The $6,600 and $7 
figurea were uaed to difinentiate between thoae who would be entitled to the maxit 
benefit in the petiodi 1966-69 and 1969-71 and thoae who would not. 
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Model 3.—Finally, saving relationships were estimated for both the 
1966-69 and 1969-71 periods based on simple linear saving functions 
which Ignore the complications of age, life expiectancy, and expected 
retirement plans The results of these regressions, which are summarized 
in table 5, are encouraging only insofar as they confirm that private 
pensions as well as Social Security coverage tend to discourage saving 

Several characteristics of these results indicate that they are definitely 
infenor to those obtained from the more complete model First, the 
saving propensities are extraordinarily high and decrease with the age 
of the sample, whereas the life-cycle model would predict a higher 
propensity to save for the later period Second, the negative impact of 
pensions is larger and more significant in 1966-69 while the reverse is 
true for 1969-71 Furthermore, the negaUve impact of private piensions 
decreases with time and the age of the sample, which again is contrary 
to the theory Finally, the difference in the impact of Social Security 
between the two periods is very large and difficult to explain In short, 
the more complete formulation of the model presented in tables 3 and 4 
provides a considerably more sensible picture of saving behavior. 


rV. Conclusion 

The evidence from the Labor Department sample of men aged 45-59 is 
definitely consistent with the hypothesis that pension coverage discourages 
saving in other forms When classified by age, income, and net worth, 
except for the lowest income class, individuals not covered by pensions 
had greater assets than those expecting benefits Furthermore, in all 
regression equations, coverage by pension plans had a negative coefficient 
These new results directly contradict the findings of earlier studies by 
Cagan (1965) and Katona (1965) that persons covered by private pensions 
saved more than those not covered 

This study, however, differs from earlier ones in important respects 
which may explain why previous efforts have failed to pick up the effect 
found here We have focused solely on the saving behavior of heads of 
households in the preretirement years For these people, providing for 
retirement is the primary saving motive, and, therefore, these should be 
the people whose saving behavior is most sensitive to pension coverage 
Furthermore, the data used in this study arc from a later period when 
pension coverage was more important Pension plans have tripled in 
size since 1960 when the earlier studies were undertaken and, therefore, 
individuals may simply have become more knowledgeable and sophisti¬ 
cated in their saving decisions 

Since the sample under consideration is representative of the nation, 
It IS reasonable to extrapolate the behavior of this group to Ihe entire 
country and derive macroeconomic implications In 1973, there were 
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27.5 miJlion workers covered under private retirement plans (Kolodrubetz 
1975, p. 16, table 1) If each of these workers expected to retire at age 
65 with an annual pension of $1,830 (the average benefit in 1973, sec 
table 1) and if the propensity to save out of these expected benefits 
equaled the ratio of expected retirement span to hfe expectancy for each 
age group, then the reduction in annual aggregate saving in 1973 due 
to future private pension benefits would be about $13 billion The reduc¬ 
tion in saving would be less if younger groups arc very insensitive to pen¬ 
sion coverage Total contributions to private pensions amounted to $21 1 
bilhon in 1973, highlighting the fact that the substitution of pension 
saving for other saving is imperfect probably because of lack of vesting 
and other uncertainties On the basis of these rough calculations, pnvate 
pension plans appear to increase aggregate saving on net and contnbute 
to capital accumulation 

The implications of the negative impact of Social Secunty arc consider¬ 
ably different Unlike private pensions, Social Secunty is not funded 
and therefore a reduction in individual saving in anticipation of future 
Social Security benefits results in a net decline in aggregate saving These 
results indicate that Social Secunty does have a significant negative 
impact on saving which confirms the findings of two earlier studies of 
aggregate saving and Social Secunty by Munneli (1974) and Feldstein 
(1974) 
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The Economics of Information and 
Retail Gasoline Price Behavior: 

An Empirical Analysis 


Howard P. Marvel 

Ohio Slatt Univeraty 


This paper provides empirical results which indicate that consumer 
responses to imperfect, costly information have an important impact on 
price behavior in the retail gasoline market Two aspects of pmee be¬ 
havior are investigated the market price dispersion at a point in time and 
the variability of price over time. Through use of a multiple-regression 
cross-city analysis of price behavior, both of these characteristics arc 
shown to depend on a set of proxy variables representing the benebts and 
costs to consumers of acquiring information In addition, prices vary 
more within a given city at stations catering to relatively well informed 
customers 


The burgeoning literature in the econorracs of information haa yielded a 
large number of testable hypotheses that relate prices and information, 
yet few empincal results are available to indicate that information ac¬ 
counts for more than “vanations in the numbers wc observe at the fifth 
or sixth decimal point This paper attempts to fill this gap in our knowl¬ 
edge by demonstrating that in one imjxirtant retail market, that for 
gasoline, information has a sigmficant impact on two aspects of price 
behavior the amount of offer price dispersion one observes among statams 
within a single market and the extent of price variability over time 
Section 1 contains results of a regression analysis of the relation between 
offer price dispersion and a set of vanables designed to serve as proxy 

1 am grateful to John P Gould» George J Sugler, Dan Wbecarver, au anonymous 
referee, and especially Lester G Teiscr for helpful comments Any errors are my 
responsibility 

‘ Rothschild opens his excellent survey article (1973) with this chaUenge from a 
colleague to show that infbnnation'i impact u important He attempts to answer the 
challenge by summarizing the theoretical appUcauons of the concept of imperfect, costly 
information This paper is intended to complement his dtscusston by answering dmt 
chaUenge empirically 

tf PWilMa/ 1976, vol 84. no 3) 

C 1976 by The Univeni^ of Chicaco AU ncbti reserved 
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measures for the amount of information consumers choose to acquire. 
The estimated coefficients, while not always statistically sig;miicant, 
consistently exhibit the signs predicted by information theory Given 
certain deficiencies of the data and special characteristics of the retail 
gasoline market, these estimates are likely to provide a lower bound to 
the impact of information on retail price dispersion 

The results given in Section 2 indicate that there is a strong relation 
between information and price variability over time It is argued that 
markets with well-informed customers will experience relatively large 
amounts of temporal price variability, both because the input of un¬ 
certainty to such markets is large and because shocks introduced to such 
markets are more widely transmitted than in markets with less well 
informed customers The empirical results presented in support of the 
hypothesis are clear, consistent, and significant 


1. Sources of Offer Price Dispersion 

The derivation of empirically testable hypotheses concerning the disper¬ 
sion of offer prices from the theory of information is a two-step process 
Since observations on the size of consumer information holdings are not 
generally available, it is necessary to represent such stocks by proxy 
This can be done by investigating the costs and returns to consumers of 
acquiring information in order to obtain a set of observable variables 
affecting a consumer’s optimal stock of information The second step is 
to develop the linkage between consumer information and observed 
dispersion Stigler (1968, p 178) argues that “greater amounts of search 
will lead to a smaller dispersion of observed selling pnccs by reducing 
the number of purchasers who will pay high pnees ” Unfortunately, as 
Rothschild (1973) has stressed, imperfect consumer information is not 
a sufficient condition for price dispersion A complete model of price 
dispersion must include a specification of how firms’ price-setting be¬ 
havior responds to changes in the amount of knowledge consumers have 
In other words, one needs a theory of the equihbrium pnee distribution 
to be able to assess the impact of information on price dispersion in markets 
for different goods Such theories exist, but they are in their infancy 
and provide little guidance for empirical testing * 

The problem of specifying the determinants of the equilibrium dis¬ 
tribution can be avoided here because I wish to assess the partial effect 
of differences among consumers on pnee dispersion across markets for a 
single good, gasoline Since gasoline is marketed in a similar fashion 
throughout the United States, most information-based differ^ces in 

^ Many of these modeU are surveyed in Rothschild (1973) One of the most interesting 
models not covered by Rothschild is in Telser (1974), see alio Marvel (1975) 
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dispersion will be due to difTcrcnccs in customers, not firms To allow 
for variations in firm response arising from difiTerences in market structure, 
the Herfindahl index of seller concentration appears as an independent 
vanable in the regression equation Beyond this adjustment, it is assumed 
that the information dispersion linkage is the same in all cities 

While the relation between information and dispicrsion is not well 
understood, the determinants of the amount of information consumers 
choose to obtain have been studied extensively Since the results are 
familiar, one need only state them and then specify an appropriate set of 
proxy variables ^ The proxies used here arc of two types those affecting 
the gross gam from search and those determining search cost The gross 
gam from search is the expected rcducUon in price paid times the number 
of units the individual expects to purchase at the lower price which 
search makes possible Telser (1973) has demonstrated that shifting the 
entire distnbution of offer prices has no effect on the cxjsected number of 
searches earned out, given that the number of units purchased is fixed 
This suggests that the gross gain from search will be largest in those 
cities where per capita gasoline consumption is relatively high,* so that 
observed pnee dispersion in such cities will be small 

The gross gain from a given amount of search activity also depends on 
the time interval over which the information obtained remains valid If 
a consumer expects the savings generated by search to apply to a large 
number of successive purchases, the gross gam to him from search will be 
greater than if the pnee saving^ ^pply only to the current purchase 
Stigler uses this argument to explain why tourists can be exploited’ 
It does not pay for a tourist to search out low prices, since the gain from 
obtaining a low price quotation applies to only one purchase Sumlarly, 
in the gasoline market we expect the pnee behavior of high-volume 
stations located on major intercity routes to be quite different from that 
observed at stauons on mtracity artenes frequented by the same buyers 
over time Even among stations of the same type, we predict that con¬ 
sumers will choose to hold smaller stocks of informaUon the lower the 
corrclaUon of firms’ offer price locations within the pnee distnbuuon in 
successive time pienods ^ It turns out to be quite important in the empirical 
investigation to deal with the impact of the depreciation rate of price 
information on the amount of information consumers possess 

The cost of search is composed both of the cost of goods employed m 
search—gasoline, automotive depreciation, and the like—and of the cost 

’ See Marvel (1975) for a denvauon of the rendu 

* Measures of uiuu consumed are likely to be superior to dcdlar sales measures for 
goods like gasoline which have inelastic demand in the relevant price range. 

• Consumers may actually carry out more searches by searching at shostcr intervals 

if the depreciauon rate meteases Nonetheless, their leservauon price will nse. The 
distmction here u between investment Row (number of searches) captul stock (as 

indicated by the reservaUon pnee) The latter u relevant for my purpose 
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of tune spent in searching. This latter cost is probably a principal com¬ 
ponent of search cost, and since the price of time (the wage rate for 
employed persons) is closely related to income, it seems that income will 
serve as a good proxy for search cost. One problem with this measure is 
that the link between income and search is weakened by differences 
among consumers in their efficiency of search. For example, if we com¬ 
pare two individuals, one who commutes by a similar route every workday 
and another whose driving pattern is irregular, the commuter will be 
able to use his information for a laiger number of purchases and in that 
sense will be more efficient in obtaining valuable information. Similarly, 
we expect income and education to be correlated, so that if education 
raises the efficiency of search, an education vanable should be included 
m a multiple-regression study of pnee dispersion. We would expect 
a nse m education level, holding constant the prices of time and goods 
used in search, to lead to increased search efficiency and so to result in an 
increase in consumer informauon stocks Includmg an education variable 
will also serve to reduce any efficiency effects caught by the income variable 
and so will improve income’s usefulness as a proxy for the cost of search 
In summary, for a given initial distnbuuon of offer prices, the range 
of acceptable pnccs will be smaller (1) the larger the volume of pur¬ 
chases, (2) the greater the correlation of successive prices in the price 
distribution, (3) the lower the buyer’s income level, and (4) the higher 
the buyer’s educational attainment 

I now turn to estimates of the impact of consumer information stocks 
on observed retail gasoline offer price dispersion These esumates are of 
equations relating city-by-city pnee dispersion to the proxy variables 
representing consumer information outlined above, to the Herfindahl 
mdex of seller concentration, and to a measure of tax rate differences 
across the urban area in question. As noted above, the Herfindahl mdex 
appiears as a shift variable to allow for differences in retail market struc¬ 
ture across cities, it summarizes the relative size of sellers in the market 
as measured by the various brands’ market shares of sales.* 

The empirical results arc based on price data made avmlablc by the 
U S Bureau of Labor Statistics (BLS). These data are maxima and mlmma 
of samples of gasoline pump prices collected for use in the preparation 
of the Consumer Price Index (CPI). Pnees of both regular and piremium 

* Let Sj denote the market share of umt sales of Brm j in a given market If n firms 
supply that market, the Herfindahl index, H, is defined as 

« - t 

j-t 

t 

The share data are derived from state motca' fuel tax records by the Lundberg Survey, 
lios Angeles, and are reported in the 1970 mid-May faetbook issue of Natmal PttroUm 
Snut (1971). Shares are therefore of statevidde sales. For urban areas overlapping state 
bound^es, the H index is a weighted average of the state indices correqiondiiig to the 
SMSA, the weights being the share of total SMSA gallonage sold in that state. 
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grade gasoline arc obtained from stations in the BLS samples, subject 
to availability Samples arc collected monthly in 10 Standard Metro¬ 
politan Statistical Areas (SMSAs) and quarterly in 13 others. The BLS 
was willing to provide only the extrema from both the regular and the 
premium gasoline samples along with the corresponding sample sizes 
The data therefore consist of four time senes (two per grade) of gasoline 
prices for each of 23 cities The data are available for the penod subsequent 
to the last major revision of the CPI in 1964 through the middle of 1971. 

The cross-city analysis of pnee dispersion has been earned out by 
compressing the time senes of sample ranges of pnees for each city and 
for each gasoline grade into a single measure of pnee dispersion There 
are several pitfalls in the design of such a measure The BLS attempts to 
obtain pnees from the same set of stations in successive time penods. 
Since the location of a particular station’s pnee in the offer pnee dis- 
tnbution remains relatively stable over time, successive BLS samples are 
far from the independent drawings of offer prices which would be ideal 
for the purpose of estimating “normal” pnee disjjersion If an outlier— 
a station charging an especially high or low pnee—is included in one 
sample, it will likely continue as an outlier in succeeding samples. The 
problem is compounded by the fact that dispiersion must be estimated 
by the range, a statistic subject to substantial sampling error One can¬ 
not exjject to reduce sampling error very much by averagmg sample 
ranges in some fashion The net effect of these considerations is that any 
measure of dispersion based on the available data will be quite imprecise, 
suggesting that the estimates of informauon’s impact on dispersion are 
likely to constitute a lower bound on the strength of the relation 

A further problem involving use of these ranges arises because of 
variation in the size of samples obtained by the BLS The sample range 
IS quite sensitive to sample size, and since sample sizes differ both withm 
the city time senes and across cities, some allowance must be made for 
these differences Unfortunately, since gasoline pnee distnbutions are 
typically skewed,^ the usual procedure of adjusting for sample size with 
Patniak’s approximation is not appropriate * To minimize bias due to 
sample size fluctuation, only ranges from samples of the most common 
size—12 observations—were used Thus, dispersion is measured by the 
average deflated range for samples of size 12 ’ 


'’Examples of gasoline offer pnee duoibuiions arc reported in Cassady (1954), 
Livingston and Levii (1959), and Allvine and Patterson (1972) 

• See, e g , Duncan (1965, p 131) The range of samples from any distnbuuon » 
approximately /*, but Pattnak’s conversion factors are based on normality of the under¬ 
lying populauon 

* Let S(t) give the sample size obtained for a giten lime senes in month 1 Dchne 
i4 •» {« 5(a) » 12} The mesuurc of dispersion IS jusi 


where Pn. 


r- — I 
n(i4) 


Pj, IS the range at time a, a( A) gives the number of elements in A, and a;. 
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A look at these ranges indicates substantial diiTerences in price disper¬ 
sion among the cities in the sample—dificrenccs larger than could 
reasonably be attributed to differences in retailing methods. The average 
premium range for Saint Louis is 9^ and that for Cleveland is 
The mean range is 4 for premium and 4.5^ for regular, and the respec¬ 
tive standard deviations are 1 7^ and 1 5fi 

Table 1 contains estimates of a regression equation relating these 
ranges to information proxies. The estimates are of the following form: 

In r, = fia + fit *1 + fii ln>i + fia 

+ fi^ In o, + In mi + In + 5„ 

where i = I, . . , 22 is an index indicating city t and r, = average 

range, bj = gasoline consumption per car, _)i, = median family income, 
j( = median years schooling,i»j = a measure of gasoline price vari¬ 
ability over time, = the Herfindahl index of market structure, 
t, = a correction factor allowmg for differences in tax rates across the 
SMSA,*‘ and S/ = disturbance term 
The first four independent variables are the proxy variables for the 
amount of information consumers choose to obtain. Since an increase in 
per car purchases of gasoline will result in greater benefits from a given 
amount of search, ciUes with high gasoline consumption rates will be 
expected to have well-informed gasoline consumers, so /?, should be 
negauve.** Income is included as a measure of the cost of search and 


IS the corresponding BLS city index of consuiner pnees The use of this measure meant 
that Honolulu had to be excluded (no samples of size 12) and that data from New York, 
Chicago, and Los Angeles were derived from an earlier period (1964-66) than those 
from the remaining 19 SMSAs (1966-71). 

The gasoline consumption figure is the sum of estimated gallons sold for SMSA 
constituent counties (For Boston the Metropolitan State Economic Area, MSEA, was 
used in place of the SMSA ) Data are from the 1967 Census ofBusmess (U S Bureau of 
the Census 1971a, 1971i, I971<;) The number of automobiles is obtained from the 1970 
Census of Population and Housing (U S Bureau of the Census 1972a, 19726, 1972c) 
This same source yielded the income and schooling figures 

' ‘ Tax diBerences arise when SMSA boundaries overlap portions of stales with differ¬ 
ent gasoline tax rates or when gasoline is subject to percentage rate sales taxation Let 
d, be the difference between the highest and lowest effecuve taxes applied to a given 
grade of gasohne in SMSA 1 Then the tax rate adjustment I, is defined to be 1 + dj 
That is, ranges not subject to tax differences arc unaffected while those for SMSAs 
exhibiting tax differences are scaled down The tax rate coefficient is expected to be 
positive. Sales tax pohey of the states m the sample was obtained from the Commerce 
Cleanng House Stale Tax Guide (1967) and the Census Bureau’s State Tax Collections 
(1971c) Contacts with the revenue authonues of the states represented in the sample 
provided the rates in force over the period Gasoline excise rates were obtained from the 
American Petroleum Institute, Petroleum Industry Faetbaok (1971) 

* * The referee for this paper has suggested that the observed signiBcant relation be¬ 
tween gasoline volume and price dispersion may simply be measunng a demand for 
gasoline relation Smee gasoline pnee distributions typically exhibit negative skewness, 
the price which governs moat purchase decisions is the high pnee from the BLS samples 
The correlations between high prices and pnee dispersion are generally insignificant and 
always negative, suggesting that the volume-dispersion relationship is not a demand 
relanon. 
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schooling as a measure of search efficiency; consequently, we expect to 
observe Pj > 0 and P^ < 0. 

The remaining information proxy, gasoline price variability, poses 
certain special difficulties. First, it is not precisely the variable that is 
needed. Some measure of the depreciation rate of information stocks 
must be included in the regression equation if the independent variables 
are to serve as proxies for information.* ^ Ideally this variable should be a 
measure of the autocorrelation of stauon price locations within the offer 
price distribution over succeeding samples The lower this autocorrelation, 
the greater the deterioration of consumer information holdings over time 
and, hence, the smaller the equihbnum stock of information. This rate 
of depreciation may well be correlated with the amount that the entire 
distribution shifts Given that firms are uncertain as to the proper price 
to charge, one expects their uncertainty to be greater and their need to 
change their own paces to be more pressing the larger the fluctuations 
in the whole price distnbution Unfortunately, the relation between 
pace vanabihty over time, on the one hand, and the stability of locations 
of particular stations in the pace distnbutions, on the other, will be far 
from perfect For example, a change m the tax rate in a particular locale, 
being known with certainty to all firms, is likely to result in an upward 
shift of the entire distnbution such that the relative locations of all of the 
stations in that market are maintained. An exogenous increase in demand 
which causes pnees to nsc is much more likely to have a differenual 
impact across firms and so lead to changes m their relative locations m the 
pace distribuuon. In general, one can expect that changes in demand 
conditions will lead to greater depreciation of pnee information than will 
changes m supply conditions, since the latter, being determined on the 
national level, are more likely to have a uniform impact on all firms in 
the market For this reason, the variability of low paces over time has 
been used as an independent vaaabic ** 

A second difficulty involving the use of pace variability over time as an 
independent vanable is that it is not exogenous A firm’s policy regarding 
frequency and amplitude of its pace movements will depend on how 
quickly customers respond to such pace changes—and these response 
patterns will be governed by consumer knowledge Accordingly, equation 
(1) was estimated using two-stage least squares ’ ’ 

' ^ In the absence of a price infoimation depreciation vanable, the remaining coeffici¬ 
ents will be biased for reasons indicated below 

I will show (see table 6) that high pnees are much more closely related to national 
market conditions than are low pnees 

'* The system consists of eqq (1) and (2) Since the system is recunuve, eq. (2) can be 
estimated with ordinary least squares (OLS) Unfortunately, since information b m both 
cases mcsuuted by proxy, it u unlikely that the covariance of the duturbance terms of the 
two equations will be aero, so OLS is inappropriate for (1) (see Fisher [1970, pp IS-IS]) 
Another problem with estimating eq. (I) arises because the excluded variable, the van- 
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I have pointed out that the remaining variable, the Herfindahl index, 
appears to ensure that difierenecs across markets in pnee dispersion reflect 
diflerences in the characteristics of gasolmc consumers in those markets 
If firms as well as customers are impierfectly informed so that no firm knowi 
the “best” pnee for it to charge, potential disagreements about prevailing 
market conditions, and hence about pnees, might be expected to be 
greater the larger the number of independent judgments made concerning 
such conditions The number and importance of independent judgments 
will be inversely related to the concentration of supply in a few hands;** 
hence, we expect the coefficient of the market structure variable, /?j, 
to be negative This argument does not involve the state of competition 
in the market 

Although the significance levels of some of the coefficients m table 1 
are low, the signs are in every case in accordance with expectations An 
increase in units purchased or a decrease in search cost leads to a decrease 
in price dispiersion, the greater the pnee vanability over time, the huger 
the normal observed dispersion, and the more concentrated the market 
(the larger the Herfindahl index), the smaller the deserved dispersion 
of prices The weakest variables arc the proxies for search cost—income 
and schooling—which should not be surprising, since the correspondence 
between these variables and search cost is expected to be weaker than that 
between the benefits from search and the proxy variable representing 
benefits Considenng the deficiencies of both the pnee data and the proxy 
vanables, these results provide empincal support for the proposition 
that information affects pnee dispersion 

2. Sources of Gasoline Price Vanability over Time 

The results in Section 1 indicate that imperfect information accounts 
for a portion of the dispersion of retail gasoline offer pnees observed at 
any particular point in lime Perhaps a more significant aspect of price 
behavior is the way in which prices vary over time, and as this secUon will 
demonstrate, trader responses to imperfect mformauon have an important 


ance of Bureau of Employment Sccuniy (BES) annual unemployment rates, has a 
relatively small impact on price vanability The result of ihe inabiUiy of thu instrument 
to push the endogenous vanable (low-pnce variability over umc) is that the fitted values 
of the exogenous vanables will be nearly linear combinauons of the exogenous variables 
appeanng in eej (1), thus Leading to multicoUmcanty and inflated standard errois. The 
BES data are from the 1973 Manpower Report of Ihe PrenJeni (U S Department of Labor 
1973). 

* * 1 expect disagreement to increase with the number of independent judgmcnls for 
two reasons First, each decision maker is basing his decision on impcrlect informatiosi. 
If we think of this mformauon as the realization of a drawing from a fixed distribution, 
then the variance of such realizations will increase with sample sue Second, firms will 
no doubt reduce their uncertainly by obtaimng price quotations of compeuiors, but the 
cost of a complete set of such quotations will increase with the number of itvala. 



1043 JOURNAt OF FOUtrOAL BOONOKV 

ampact on this type of price behavior as well. A consumer’s decisions about 
how much price information to acquire and when to carry out his search 
depend in part on the price charged by his current supplier. To the extent 
that changes in the firm’s ofier price affect the timing of search, costs of 
changing pnees are imposed on that firm. Moreover, the amount of 
information consumers obtain regarding prices at rival firms will determine 
the consequences of a firm’s failure to respond to changes in demand or 
cost conditions It will be argued that firms with relatively well informed 
customers arc most likely to vary prices both because the costs to them of 
changing pnees arc comparatively low and because the consequences of 
not doing so are high. This relation is tested in two ways Gasoline stations 
within an urban area will differ in the information holdings of the cus¬ 
tomers they attract. One test compares price vanability at stations 
expected to serve well-informed customers with that observed at stations 
serving poorly informed consumers A second, separate test involves 
companson of price vanability in different urban areas This test relates 
a city’s gasoline price variation to the characteristics of that city’s gasoline 
customers which determine the amount of information they will choose 
to obtain The results provide strong support for the view that information 
is an important determinant of price variability over time 

A firm’s decisions as to what offer pnee to set and when to change its 
price depend on the anticipated responses of both its actual and its 
potential customers. Consider first the impact on a firm’s current chcntelc 
of a change in that firm’s offer price The firm’s customers have pre¬ 
sumably settled on that firm following a search of their options and have 
no reason to collect additional information unless they suspect that the 
offer price distribution may have changed One obvious signal that 
conditions have altered is provided by a change in their suppher’s offer 
price If the new offer pnee serves to induce addiuonal search, the firm 
can expect some customer defecUons as this search turns up alternative 
suppliers offering more attractive terms. The defections arc presumably 
greatest for firms in the uppicr portions of the offer price distribution, 
since their customers are the most likely to discover lower prices through 
search Firms with customers who arc, on average, relatively well in¬ 
formed are able to attract such customers because they offer relatively 
advantageous terms of sale Their defections caused by additional search 
would therefore be smaller, since the probability of discovenng a better 
alternative would be low A firm in the upper tail of the offer price 
distribution has obtained customers who have gathered relatively small 
amounts of information, so that firm must weigh carefully the costs to it 
of acUons which may induce additional consumer search. 

Balancing this reason for not altering pnees is the potential loss in¬ 
curred if the firm holds its pnee stable in the face of evidence that the 
pnee it has chosen is incorrect Obviously, a price set too low causes 
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forgone profits on current volume and leads to an undesirable increase 
in sales volume, while a too-high price implies customer defections 
But notice that the size of such pienalties is a fimction of the flow of 
customers from outlet to outlet A firm serving a poorly informed clientele 
can, for short penods, maintain a price which is above its normal position 
in the offer price distribution because its customers will be slow to dis¬ 
cover the disparity Similarly, a price which is temporarily too low will 
not induce a flow of well-informed customers unless that price places the 
firm m the lower tail of the offer price distribution The need to respond 
to underlying changes in market conditions is thus less urgent for those 
firms facing poorly informed customers Moreover, to the extent that 
movements of customers between firms provide information to those 
firms about conditions prevailing m the market generally, firms cateni^ 
to comparatively well informed customers will be the first to find out 
about changes in conditions which require them to alter prices Firms 
serving poorly informed customers are the least likely to discover small 
market disturbances that lead some firms to change prices 

The net effect of these considerations is to predict that prices will vary 
most at those firms catering to relatively well informed buyers If at a 
given piomt in time the location of a particular firm’s pnee in the offer 
price distribution were random, there would be no reason to expect 
systematic differences in the type of customer served In the retail gasolme 
market, however, the relative locaUons of particular sellers’ prices m 
the offer price distnbuuon persist over time ' ’ If not all gasoline customers 
are fully aware of these price dilferenuals, low-pnce suuons will tend 
to have customers with relatively good knowledge of offer prices simply 
because additional information increases the probability of discovering 
a low pnee But even if customers have a general awareness of prevailing 
price differentials, there is still reason to cxjicct customers of various 
stations to differ in significant ways One such difference involves the 
type of driving done High-volumc, low-price staUons typically locate 
along major intracity artenes and therefore arc more likely to be fre¬ 
quented by commuters than arc high-pnce, low-volume neighborhood 
stations We expect that commuters will choose to obtain more price 
information than will typical customers of high-pncc stauons, both be¬ 
cause commuters receive greater benefits from such information and 
because their search costs arc relatively low The low search costs arise 
simply because stauons can be canvassed along the route taken to work 


Gasoline pnccs from 18 stations in Akron, Ohio, for 1953-55 are contained in 
Learned and Ellswoiih (1959) The low price over the sample penod occurred ai one of 
two independent stations, while the high price was always found at one of two major 
stations The normal difference between the prices at particular stations and the samide 
mean pnee was quite iwble The Akron data also conuin pemsient pnee diffeiences 
among stations selling the same brand of gasoline 
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with only slight additional effort and delay. On the other hand, customers 
of neighborhood stations may have to make special trips in order to 
canvass additional sellers. 

Price information confers larger benefits on commuters for several 
reasons If one assumes that commuters drive longer distances and hence 
use more gasoline than customers of neighborhood stations, they receive 
larger benefits from a given decline in price per unit resulting from search 
Not only are such savings larger, but the commuter is also in a relatively 
good posiUon to take advantage of the low prices he discovers Even if 
he encounters a low-pnce station with a full tank of gas, he retraces his 
steps daily and will eventually be able to use his knowledge. On the other 
hand, a customer of a neighborhood staUon is not so likely to return to a 
low-pnce station encountered when that customer had a full tank 
The net effect of these considerations is that commuters will be aware 
of more pnces than customers of neighborhood stations and will be 
better able to respond to the low pnces they encounter Commuters 
therefore have available more useful information, so high-volume, low- 
pnce artcnal stations catering to commuters are likely to exhibit relatively 
large amounts of pnee vanabihty 

The relatively large amounts of information possessed by customers of 
low-pnce stations will not only lead those stations to respond more 
quickly than th«r high-pnee counterparts to shifts in supply or demand 
conditions aflfecting the market as a whole, they will also increase the 
supply of shocks or uncertainty facing these stations alone The reason 
for this involves the nature of gasoline supply arrangements at the whole¬ 
sale level The wholesale market for gasoline is not a tightly organized 
exchange but a loose collection of brokers, marketing agents, agents for 
refiners, and jobbers. No one price prevails for gasoline of a particular 
specification, bargains arc available to those who seek them, and it will 
pay the typically low pnee seller to do the searching Smee his demand 
schedule is relatively elastic, he can sell the extra gasoline he buys without 
a large fall in price That same elastic demand means that he can rely 
on the spot market for gasoline, knowing that a short supply today can 
be rationed using high prices without substantial long-term consequences 
If a high-price station tried to rely on short-term purchases rather than 
on the characteristic long-term supply arrangement with a major oil 
company, that station might find that, once it has lost customers due to a 
temporary supply shortfall and consequent higher price, those customers 
will take some time to return when its price returns to a more normal level 
The operator of a high-pnce suuon is in business to provide a suble 
supply of a well-known brand of gasoline at a reasonably stable price, 
thereby sparing his customen the need to carry out a considerable amount 
of search Hu policy is similar to that of any supplier holding mventones 
to buffer pnces for his consumers The contrast with the low-price stations 
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—their price variability and their uncertain gasoline availabihty—u 
apparent. Each type of station is selhng gasoline and information in a 
package appropriate to the type of customers it serves 

It has often been alleged that the retail gasoline market is characterized 
by collusion among major-brand gasoline suppliers While no direct 
evidence on the presence of collusion is offered, the operation of a collu¬ 
sive agreement would affect gasoline price variability The considerations 
mentioned above make low-price stations an attractive place for refiners 
to dump excess gasoline We would ordmanly expicct that due to price 
discnmmation prices would be lower in the more elastic portions of the 
market A monopolist would vary prices in both segments of the market 
to equate marginal cost with marginal revenue in each, so that we might 
expect the same frequency of price changes in each segment but more 
amplitude in the high prices An oligopoly, however, may not be able to 
fine-time prices in this manner, with its members choosing instead to 
dump uncommitted, unanticipated stocks of gasoline onto the highly 
elastic low-price market while leaving the lucrative neighborhood-station 
market untouched It may be that gasoline marketers compete in the 
low-pnce segment of the market while colluding at the high-pnce end 
of the same market It is the imperfect information of customers in the high- 
pnee end of the market that allows them to do so 

In summary, one can expiect prices to be most vanable at high-volumc, 
low-pnce gasoline stations serving well-informed customers This is 
because such stations receive the largest benefits and incur the smallest 
costs of changing pnees and because such firms arc most able to adjust 
to changes in the volume of gasoline they are able to obtain This propiosi- 
tion is easily extended to comparisons of price vanability across cities 
We expect that prices will be more vanable m ciues where it pays 
gasoline customers to obtain relatively large amounts of pnee informauon 
These predictions can be tested using the BLS gasohne price data intro¬ 
duced in Section 1 

The results reported here employ two measures of pnee vanability 
the vanance of first differences in pnees, var (A^), and the vanance of 
first differences in the logs of pnees, var (A log p) For a given pnee senes, 
= 1, , T, VIC have 


var (A/>) 


(^Pi ^P) 


and 


var (A log p) 



(A log^ - A 


where a bar over a variable denotes its mcaiv and A is the first«difFcrcnce 
operator, A/>, ^ p, ~ p,-i Var (A^) is therefo^the mean square of 
deviations in first differences from a linear trend, Apt while var (A log^) 
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is the mean square of deviations of A log p from a percentage trend, 
A log p. Trends are removed because we are concerned with the way in 
which prices vary when moving from level to level rather than the nature 
of the determinants of the pnce levels themselves. 

The two measures of pnce variability differ not only in terms of the 
trend correction employed but also in the interpretation of pnce variability 
implicit in their construction Compared with var (Ap), the use of first 
differences of logs of prices g^ves relatively less weight to large price 
chtinges. In the context of the gasoline market, this means giving less 
weight to pnce behavior commonly termed pnce warfare Deep price 
cuts are more likely the thinner the spot market in gasoline Since so- 
called price warfare is, of course, most common at the low-pnce end of the 
market, the fewer the informed customers who move from low-price 
station to low-pnce station the thinner the low-pnce market and, hence, 
the deeper the price cuts when an external disturbance is introduced 
The use of var (A log p) implies that one argues that such pnce cutting is 
not mdicative of the normal level of pnce vanability ‘ * 

Vanances of first differences in high and low pnccs for both regular 
and premium grade gasoline are presented by city in tables 2-4 Before 
the vanous measures of price variability were calculated, the BLS gasoline 
prices were deflated with corresponding BLS indices of consumer pnees, 
so that the measures involve first differences in real pnees. Note that the 
quahtative behavior of the two measures of vanance, var (A/>) and 
var (A log p), is the same, so that my interpretation of pnce variability 
IS independent of the particular measure used Given that customers 
of low-pnce stations choose to obtain more information than their counter¬ 
parts at high-pnce stations, my hypothesis relating information and price 
variabihty receives strong empirical support Companng var (Ap) for 
high and low pnees, we see that low pnees are more vanable than high 
prices in 40 out of 46 possible cases ‘ * Well-informed customers therefore 
pay not only low pnees, they also pay vanable pnees 

‘'It fhould not be inferred from thu ducuision that the results presented here are 
particularly sensiuve to the measure of pnce variability which is employed They are not 
Comparisons of price variability give consutent results for both vanance measures 

‘ * This comparison refers to the vanances in tables 2 and 4 Because high and low 
pnees in a given city will be correlated, an F-test is inappropnate for the problem of 
comparing these vanances In lU place I have employed a sigmficance test (due to 
Pitman) which allows for the correlauon between the pnce senes (sec Snedccor and 
Cochran [1%7] for details) 

" There is a remote possibility that the results given here could reflect the fact that 
gasoline price distnbutioiis commonly exhibit negative skewness Mimma from random 
samples from such distnbutions will have larger vanances than will maxima But due to 
the BLA rephcated-outlet sample procedure, samples of gasohne pnees taken at different 
points in tune are not independent drawings. If the pnce at a particular station u un¬ 
available when a sample is scheduled to be collected, the actual size of thru sample will 
be less than the scheduled sample size Identical staUons appear in successiw samples if, 
and only if, actual and scheduled sample sizes are the same When this happens, the price 
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TABLE 2 


Varxancbb* op M ont hly Firit Differences in Retail Gasoline Prices 
{P rmAN*s Test STATisncf in Parentheses) 


ClTV AND 

Var (AP) 

Var (A log P) 

Gazoune Grade 

High Pnees Low Prices 

High Pnees Low Pnees 

Chicago 

Premiiun 

0 065 0 302 

0406 2 867 

Regular 

(0 650)t 

(0 755)t 

0 055 0 359 

0 445 4 557 


(0 738)t 

(0 827)1 

Detroit. 

Premium 

0 609 0 240 

5 280 2 859 

Regular 

(-0481)§ 

(-0 334)5 

0 574 0 255 

6 276 4 003 


(-0 433)5 

(-0 250)5 

Los Angeles 

Premium 

0 106 1 227 

0817 12 704 

Regular 

(0 846)t 

(0 883) t 

0 050 1 335 

0 459 17 428 


(0 929)t 

(0 950)1 

New York 

Premium 

0 016 0 088 

0 103 0 805 

Regular 

(0 727)t 

(0 803)t 

0015 0117 

0 115 1353 


(0 777)t 

(0 849)t 

Philadelphia 

Premium 

0013 0014 

0 097 0 147 

Regular 

(0049) 

(0 234)t 

0017 0018 

0 162 0 233 

(0 036) 

(0 193) 


Notk —Price* «re deflated by BLS city price mdices 
* Reported values are actual variancei x 10* 
t See n 19 herein 

i Variability of low pnoei u Bi^i/icantly greater tbao that of high puces at the J percent level 
I Variability of high prices 11 signiflcaoily grraccr than that of low prices at the I percent level 


Prices not only vary less at high-pnce stations than at low-price stations, 
they also contain different sorts of serial dejJcndencies For the high- 
pricc senes, the figures for var (A/>) calculated from quarterly first differ¬ 
ences are generally two to three limes greater than the magnitude of those 
for monthly first differences The ratio of the quarterly figure to the 
monthly figures is generally largest for those series with small vanances, 
and in most cases the ratio for high pnees exceeds that for low pnees 
This observation is consistent with the hypothesis that high pnees follow 


changes arc clear of vanalion, due to changes in the identity of the sampling unia The 
variances in tables 2—4 were recalculated using first differences between months udicn 
actual sample size equaled scheduled sample size (results available on request) These 
results do not compromise the conclusions drawn from tables 2-4 

** These statements are based on evidence for 10 cities—the five cities m taUe 2 and 
the remaining five cities for which BLS gasoUne pnee samples are collected monthly For 
the second group of ciues, comparisons vanances of first differences of undeflated prices 
were made This has litde effect on the resula 
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(0 702)1 (0.927) § (0 784)8 

Var (A log ^) I 546 11 008 0 256 10 348 0 831 9 522 0.878 

(0 756)8 (0.952)8 (0.843)8 







VarfA*) 0 063 1 040 0 069 1 022 0 073 1.181 0.068 1.081 

(0 897)§ (0 874)8 (0 888)8 

VarrAIoB»l 0 539 12 485 0 641 12 852 0 626 15 441 0 602 13J93 
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TABLE 4 


Vakiances* of Qi[;AKTSiu.Y Fntrr Diffzrbnces in Rbtaii. Gaiolois pRiosa 
(PmiAN'a SrATimot in Parenthmeb) 


City and 

Var (A^) 

Var (Alog^) 

Gasounb Gradb 

High Pneet Low Prices 

High Prices Low Prices 

Atlanta 1,S 

Prctniuin 

0.025 0 342 

0 175 3.378 

Regular 

<0 863)11 

0 034 0 557 

(0.902)1 

0 284 6 451 

(0 9H)|i 

(0.933)1 

Baltimore 1 

Premium 

0.042 0 130 

0.289 1 095 

Regular 

(0 559)1 

0.031 0 086 

(0 636)1 

0 276 0 887 

(0 515)11 

(0 574)1) 

Boston ^,6 

Premium 

0 024 0 263 

0 179 2.837 

Regular 

(0.845)1 

0.027 0.187 

(0 894)1 

0.272 2 456 

(0 773)1 

(0 827)1 

Buffalo 

Premium 

0 088 0 276 

0 598 2 513 

Regular 

(0 575)1 

0 067 0 305 

(0.673)1 

0 575 3 5% 

(0 649)1 

(0 734)1 

Cincinnati 1 

Premium 

0 036 0 344 

0 254 3 545 

Regular 

(0 811)1 

0 038 0 333 

(0 868)1 

0.332 4 367 

(0.799)1 

(0.863)1 

Cleveland **,§ 

Premium 

0 023 0 078 

0 163 0 639 

Regular 

(0 608)11 

0 022 0 078 

(0.651)1 

0 195 0 792 

(0 563)1 

(0 608)1 

Dallas •• 

Premium 

0 030 1.165 

0 247 13 448 

Regular 

<0 958)1 

0 043 1 167 

(0.969)1 

0 465 17 119 

<0 930)11 

(0 948)1 

Honolulu t 

Premium 

0 029 0 013 

0 143 0 075 

Regular 

(-0.550)tt 

0 015 0.019 

(-0 510)tt 

0 086 0 137 

(0 146) 

(0 246) 

Houston t 

Premium 

0.038 0.853 

0 310 13 125 

Regular 

(0 920)5 

0 014 1 287 

(0 957)« 

0 149 23 445 

(0 981)1 

(0.988)1 

Kansas City t 

Premium 

0.102 1.550 

0.822 18 914 

Regular 

(0 877)1 

0.105 2.496 

(0.917)8 

1.062 39 187 

(0 920)1 

(0.947)1 

Milwaukee *•• 

Premium 

0.485 0.835 

3.956 9.505 

Regular 

(0.262) 

0.655 0.801 

(0.434)t| 

7.104 11.523 

(0.124) 

(0 290) 
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TABLE 4 —Contmud 


Minneapolis. 4* 

rremitun 

0 090 0.868 

0.673 8.671 

Regular 

(0.839)J 

(0B83)| 

0 094 0 599 

0.881 7.067 


(0 753)j 

(0 807)1 

Pittiburm * 

Premium 

0 075 0 346 

0.564 3.647 

Regular 

(0 644)1 

(0 732)1 

0 095 0 248 

0B78 3.033 


(0 496)1 

(0 603)1 

Samt Louis *t 

Premium 

0 178 0 578 

1.290 7 897 

Regular 

(0.556)1 

(0 739)1 

0 167 0 547 

I 542 8.481 


(0 569)1 

(0 724)1 

San Diego •• 

Premium 

0 109 0 477 

0 781 4 262 

Regular 

(0 698)g 

(0 749)1 

0 118 0 591 

I 052 6 J04 


(0 703)1 

(0 749)1 

San Francisco t.S 

Premium 

0 051 0 536 

0 352 4 850 

Regular 

(0 832)1 

(0 869)1 

0 073 0 558 

0 632 6 515 


(0 804)1 

(0 853)1 

Seattle •• 

Premium 

0 607 0 582 

4 842 5 574 


(-0 032) 

(0 103) 

Regular 

0 625 0 593 

6 283 6 982 

(-0 038) 

(0 076) 

Washington 

Premium 

0 026 0 034 

0 184 0 250 


(0 I3I) 

(0.161) 

Regular 

0 034 0 021 

0 288 0.204 

(-0 358) 

(-0.258) 


Nqtk -"--Pricn arc by BLS city pnce indica. 

* Reported values are actual variances x 10^ 
t See n 19 herein 

i Marfh’J une-Seplember-December 

BLS gamine prices available monthly and BLS city price indices available quarterly 
Variability of low prices is significantly greater than that of high pnccs at the 1 percent levd. 
# JuuaryApni'July^October 
•• rebruary-May-August-November 

ft Variability of high pnccs is significantly greater than that of low prices at the 1 percent level 
it Variability of low prices u significantly greater dian that of high pnets at the 5 percent level 


a random walk Let p, denote the pnce in penod I If the elements of the 
sequence {p,} follow a random walk, then 

p, = Pt-1 + where £e, = 0, = c\, all t 

Consequently, var {p^ - p,.i) = ff* For quarterly first differences, we 
have 

Pt ~ Pt-3 = ®» + ®f-l + E|-2 

Therefore, the variance of quarterly first differences, under the randtMU- 
walk hypiothesis, is 3<r^ 

The evidence for low pnees is much less consistent with the randran 
walk in those cities where the vanance of first differences of prices is 
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relatively small. In other cities, for example, Los Angeles, variances of 
monthly first differences actually exceed those of the corresponding quart¬ 
erly first differences. This indicates the presence of considerable negative 
serial correlation in these series. ^ ^ Such a pricing pattern can be explained 
by the influence of stock holdings on prices. Prices must fall below normal 
if stock holdings are above normal; hence, the existence of short-term 
uncommitted stocks of gasoline in a particular market will drive pnces 
down unul such stocks disappear. I have already noted that “distress” 
or unanticipated stocks of gasoline are most likely to impact the low-price 
seg^ment of the market These stocks will therefore serve to increase price 
variability in the low-price market relative to that in the high-pnee 
market The negative serial correlation arises from prices returning to 
“normal” levels, that is, the levels of prices prevailing if all marketers 
are relymg for product supply on long-term supplier arrangements as 
stocks obtained on the spot market are exhausted 

Another indication that high pnces approach random-walk behavior 
more closely than do low pnces is contained in the results reported in 
table 5 This table reports first-order autoregressions of the various 
BLS gasoline pnee senes. The regressions are of the form 

/>, = ato + «iA-i + «< 

for those cities with monthly gasoline samples and 

P, = ao + aiP,_3 + e, 

for cities sampled quarterly. We expect that, for a random walk, at will 
be close to umty The values of at contained m table 3 indicate that high 
pnces almost always approximate a random walk more closely than do 
low prices The only major exceptions are the series for Detroit, but it 
will be recalled that for Detroit, high-price vanability exceeds that of low 
prices Values of a, arc generally closer to unity for those series with little 
variabihty of pnces over time This suggests that there is a common 
(random) source of pnee vanability in all senes but that the low-price 
senes incoiporate additional sources of vanability which do not affect 
the high prices We shall find that this additional source of vanability 
has to do with local market conditions and is quite sensitive to the amotmt 
of information consumers choose to obtain. 

Further evidence that the determinants of pnces in the low-pnce seg¬ 
ment of the gasohne market are substantially different from those of high 
pnces is contained in table 6. This table contains correlations of the 
various BLS price senes, on the one hand, and Platt's Oklahoma Group 3 

• 

** If the duturbancet are, in fact, correlated, neglecting end-point effecti, we have 
vmr (F, - var (F, — P,_i)(S -1- 4r, + Zr*), where r, u the tth-otder serial 

correlation coefficient ITiiis, var (F, — F,.f) > 3 w (F, — F,.,) impUes that rj or 
fj (or both) is negative. 
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TABLE 5 


Fwit-Oroek AuTOEMBnnoNB OF BLS Ga(olini Puce* 


Crrv 


Values or a i 


Prenuum 

Premium 

Low 

Regular 

rfgh 

Regular 

Low 


Ciues for Which Monthly Data Are Available 



“ «o + + Cf (i Refers to Months) 


Atlanta 

0 801 

0 072 

0 654 

0.064 

Boston 

0 974 

0 729 

0 993 

0.753 

Chicago 

0 957 

0 652 

0 964 

0 659 

Cleveland 

0 998 

0 960 

0 997 

0960 

Detroit 

0 523 

0 869 

0 563 

0860 

Los Angeles 

0 806 

-0 118 

0909 

-0064 

New York 

0 995 

0 773 

1 004 

0 758 

Philadelphia 

1 000 

0 973 

0 991 

0 963 

San Francisco 

0 962 

0 553 

0 925 

0 552 

Washington 

0 981 

0 982 

0 989 

0 967 


Cities for Which Data Arc Available Quarterly 



=s flto + + *r (/Refers to Months) 


Baltimore 

0 927 

0 793 

0 950 

0 759 

Buffalo 

0 963 

0 884 

0.980 

0 832 

Cmcmnau 

0 952 

0 373 

0966 

0 420 

Dallas 

0 943 

0 032 

0 950 

-0062 

Honolulu 

0 991 

1 021 

1 015 

0947 

Houston 

0.843 

-0 091 

0 941 

0 099 

Kanias City 

0 864 

0 160 

0868 

-0 047 

Milwaukee 

0 552 

0 270 

0 488 

0130 

Minneapolu 

0 840 

0 079 

0 842 

0 284 

Pittsburgh 

1003 

0 372 

0 941 

0.568 

Saint Louis 

0 926 

0 501 

0 933 

0 595 

San Diego 

0 882 

0 455 

0 854 

0284 

Seattle 

0 754 

0 623 

0 722 

0 585 


regular grade gasoline prices, on the other The Platt’s pnce is the best 
available indicator of nationwide wholesale pnccs A high correlation 
between the Platt’s senes and a BLS pnce senes indicates that the stauons 
whose prices comprise the BLS senes are pnce takers responding to supply 
pnces determined on the national level The fact that the high pnces arc 
more highly correlated with the Piatt’s wholesale series than are low 
pnces seems consistent with the view that an important determinant of the 
vanability of low pnces is the sale on a city-by-city basis of unanticipated 
stocks of excess gasoline at bargain prices by large suppliers 

To this point I have compared pnce vanability at low-price stabons 
with that at high-price stations in the same city The results m tables 2—4 

Note that thu national market determination of the high pnce* would predict their 
random-walk bduivior, for no one locality would be large enough to have an appreciable 
independent impact on luch pnca 
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TABLE 6 


CofUtELATIONS BETWBEN THE BLS RETAIL GaSOUNE PeiCE SeRIEE AND 

Platt’s Oklahoma Group 3 Reoular Grade Wholesale Prices, 
23 Cities 

(January 196+-Januahy 1971) 


Premium Grade Reoular Grade 

Gasoline Gasoune 


High Low High Low 

Metropolitan Area Pncei Pnces Pnces Prices 


Atlanta 

Baltimore 

Boston 

BufTalo 

Chicago 

Cincinnati, Ohio, Kentucky, Indiana 

Cleveland 

Dallas 

Detroit 

Honolulu 

Houston 

Kansas City, Missouri, Kansas 

Los Angeles 

Milwaukee 

Minneapolis 

New York 

Philadelphia, Pennsylvania, 

New Jersey 
Pittsburgh 

Saint Lotus, Missouri, Illinois 
San Diego 
San Francisco 
Seattle-Everott, Washington 
Washington, D C 


0 630 

0 117 

0 554 

0 000 

0 588 

0 606 

0 658 

0 554 

0 626 

0 045 

0 620 

0 339 

0 667 

0 688 

0 624 

0 674 

0 630 

0319 

0 596 

0 383 

0 572 

0 387 

0 526 

0 314 

0 643 

0 564 

0 648 

0 564 

0 636 

-0 107 

0611 

0 135 

0 563 

0 380 

0 550 

0 379 

0 657 

0 671 

0 602 

0 625 

0 769 

0 418 

0 724 

0 478 

0 672 

0 318 

0 639 

0 369 

0 657 

0 168 

0 695 

0 531 

0 512 

0 094 

0 578 

-0 018 

0 585 

0 679 

0 596 

0 480 

0 630 

0 415 

0 528 

0 407 

0 633 

0 608 

0 636 

0 647 

0 713 

0 348 

0 801 

0 436 

0 662 

0 659 

0 664 

0 691 

0 582 

0 017 

0 596 

0011 

0 437 

0 421 

0 459 

0 228 

0 500 

0 479 

0 563 

0 448 

0 602 

0 571 

0 571 

0 563 


also indicate the existence of substantial differences in price vanability 
across cities For example, the amount of price variability exhibited by 
Los Angeles regular grade low pnces is 10 times that of the corresponding 
Cleveland price series My hypothesis relating pnce vanability and 
information suggests that differences in price vanability across cities will 
anse, in part, from differences by city in the incentives consumers have 
to obtain information about gasoline prices To test this hypothesis, 
the following equation was estimated 

In var (A In ^), = ag + ot, In b, + aj *">'1 + “3 ^1 

+ In W4 + oc, In u, + fi„ (2) 

where the proxy vanables for information and the market share vanable 
are those described m Section 1 and u, is the variance of annual unemploy- 

** Prices used to construct the dependent vsruble have been deflated by BLS city 
indices of consumer prices For those cities with data available on a quarterly basu, the 
dependent vanable takes values reported In table 4 To allow comparabiUty with these 
values, the averages of vanancet of quarterly first differences given in table 3 are used 
for monthly-data cities 
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ment rates by city included to account for the city-specific demand com¬ 
ponent of the uncertainty input to the gasoline market * * 

These regressions show once again the difference in behavior between 
prices at high-pnce stations and those at low-price stations Since the 
relatively well informed customers make their way to low-pnce outlets, 
we would expect the information proxy variables to have the largest 
impact on the stations at the low-pnce end of the offer price distnbution 
This is clearly the case, for the coefficients of the information proxies 
are significantly different from zero and have the expected signs in the 
low-pnce regressions while those in the high-pricc regressions arc in¬ 
significant These results are consistent with my earlier hypothesis that 
high-price sellers are price takers from their suppliers and so charge 
prices which are effectively determined on the national level Low-pnce 
sellers, on the other hand, are sensitive to the amount of search gomg 
on, with low prices being most vanable in those cities with a relatively 
large proportion of well-informed customers In this connection it js 
noteworthy that, while a larger fraction of the variance of the dependent 
variables across cities is explained in the low-pnce regressions, the standard 
errors of the estimates are almost equal The table 7 regressions thus 
provide support for the position that high- and low-pnce variability 
both depend on a common set of exogenous influences but that low pnccs 
arc also influenced by local market conditions The strength of this 
influence depends on the amount of information consumers choose to 
obtain 

The coefficients of the other two cxplanatorv vanables, those designed 
to represent market structure and the vanability of general economic 
conditions, show that these variables have an impact on the entire gasolme 
market, although in terms of the absolute amount of pnee variability result¬ 
ing from a given increase in either vanable, the effect is largest in the 
low-pnce market The fact that both of these vanables are significant 

The unemployment rate daU used are ^thered by the BES from the state employ* 
ment security agencies responsible for unemployment insurance programs Such rates are 
therefore based on clainu by unemployed workers for uncmplovmenl compensatUM) 
Because laws defining the coverage of such insurance programs differ wndely acroaa the 
states, It 18 di6ficuU to make meaningful ciiy-bv-city comparisons of unemployment rates. 
However, by usu^ the variance of the annual employment rates rather than the rates 
themselves, I was able to avoid many of the pitfalls of cross-city comparison As long at 
the BES rates vary directly wiih true employment, my measure of vanabibty will accur¬ 
ately reflect demand uncertainty, and since the data problems arc in good part due to 
differences m coverage by state, we can expect raeasurcmcni error to be coosistcndy in 
one direction 

**Thc mean premium low-price \anabiliiy (var [^logp]) u 0 00554, and that of 
premium high pnccs is 0 00104 At the means, a I percent increase in H leads to a 
decrease of I 046 x 10** in premium low-pnce variability and a similar increase in the 
variance of the unemployment rate to an increase m 1 968 x 10 * in premium low 
vanabihty The corresponding changes in the vanabiUty of jM*emium high prices are, 
respectively, 2 214 x 10-*and9142 x lO"* Thus, m absolute si*e, the effects of these 
variables on low-pnce vanabiUty arc larger than their effects on the vanability of high 
pnees 
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in the Ai^A-price rcgrcsoons lend* support to the view that the primary 
impact of cotuumer information on low pnces is through encouraging 
low-price stations to participate actively in the sjjot market In addition, 
this added information serves to transmit shocks ongpnating in the spot 
market throughout the low-pnce segment of the market The spot market, 
affecting only the low-pnce segment of the total gasoline market, is thus 
quite a different source of uncertainty than is vanation m general econ¬ 
omic conditions The variation in demand for gasoline in a particular 
locahty is a diffuse source of uncertainty that relies only secondanly 
on consumers’ information to transmit its broad direct impact and thus 
affects all stations in the market 

The significant coefficient of the market structure variable in both the 
high- and the low-price regression does not allow one to infer that com¬ 
petition IS impaired m those markets with sales concentrated in the hands 
of a few suppliers The coefficient may simply reflect the number of 
independent pieces of information which are being introduced to the 
market If suppliers act independently, the supply of uncertamty imght 
be expected to increase as a greater number of independent decisions are 
taken The coefficient of market structure is also compatible with collusion 
Price variability may fall as concentration of sales in the hands of a few 
suppliers nscs, simply because chcaUng on a collusive agreement is most 
likely when the collusive agreement is weak Such cheating, occumng 
sporadically, would be most likely to occur in low-concentration markets, 
while in high-concentration markets, those operating the collusive agree¬ 
ment may well find it easier to promulgate and enforce a stable price 
than a senes of vanable prices Unfortunately the information available 
does not allow one to distinguish between the competing hypotheses of 
competition and collusion 

Table 8 repeats regressions of table 7, substituting dollar sales per 
car. The comparatively poor performance of these regressions is predicted 
by the theory of costly information I have pointed out that the gam from 
an addmonal unit of search depends on the dispersion of prices, not on 
their level Thus, the only effect of a higher pnee level on search is 
through a reduction in the number of units purchased—an effect which 
IS already accounted for by the gallon consumption measures The sales 
measures therefore contain spurious variation across cities and so do not 
serve as well in the regressions as consumption measures It is intcrcstmg 
to note that the income coefficients in the low-pnce regressions in table 8 
are smaller than the corresponding coefficients m table 7 This is because 
the income coefficient should properly be a parual denvauve measuring 
search cost, but since the benefits from search arc not held constant by 
sales measures, the income coefficient reflects some of the extra consump¬ 
tion of gasoline and so is forced to zero 

The variances of first differences in pnces, the other rcsulu serving 
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to charactenze the price senes, and the regression study all tell a consistent 
story. High-price stations operate in a market which is effectively separated 
from the influences governing prices at the low-pncc stations These 
two segments of the retail gasoline market differ in the amount of in¬ 
formation that their customers choose to obtain, and therefore in the 
demand elasticities facing individual firms In addition, supphers seem 
to behave differently toward the two types of stations The ovemdmg 
point of this analysis is that consumer information stocks arc an important 
determinant of price variability in the retail gasoline market This point 
should prove useful in studying price variability m other retail markets 
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A Theory of Government Enterprise 


Cotton M. Lindsay 

Umiitrn()i oj Caltfomta, Loi Angtla 


A model of government enterprise u developed which contrasts the 
supply behavior of government and propnetary orgaiuzations. Refutable 
implications are derived from an expliat information structure m which 
the productivity of management must be momtored indirectly and 
diflTerently for the two types of organizations Managers of both are 
assumed to be wealth maximizers It nevertheless is suggested that the 
output behavior of government enterprises will difler from that of 
propnetary enterprises in predictable ways—-even where Congress 
intends the output of government bureaus to be identical to that of 
proprietary firms Numerous specific implications arc developed and 
tested with reference to the operation of Veterans’ Administration 
hospitals. 


It is a widely held belief among laymen and economists that government 
organization of economic behavior produces different results from market 
orgaruzation of the same activity The title “bureaucrat,” nominally 
indicating only membership in a government enterprise, has developed 
pejorative overtones reflecting these beliefs I suggest that the typical 
customer of a government bureau expects mconvemence and delay in 
receipt of service He is not surprised when the service is unavailable 
when demsmded or defective when delivered, or when it is ad m inis te red 
by personnel who are rude and indifferent 


The author wishes to acknowledge the helpful comments oTTom Bonherding, Micbad 
Darby, Wilham Niskanen, Harold Demsrtz, Kenneth Scott, and parUcipanlt in the 
UCLA Law and Economics Workshop as well as the many pertepuve and tbougfatfiil 
suggeauons of an anonymous ref e ree A Nauonal Posldoctoral Fellowship of the Hoover 
InsUtuUon on War, RevoluUon and Peace (acUitatcd completion of this work Rnbeit 
Williama provided unususdly careful and tenacious research assutance 
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Widespread though these bellefi may be, economists have little but 
their own experience as customers to support these beliefi. Economic 
theory has yet to produce a satisfying counterpart to the profit maximizing 
firm with which to analyze public sector behavior. This paper seeks to 
fill this lacuna in the theory of economic organization by offering an 
explanation for these anomalies rooted in rational bureaucratic choice. 

I 

Where economic activity is organized by the market, interaction between 
demanders and suppliers occurs almost exclusively across the market. 
Buyers and sellers exchange offers and settle on terms. With democratic 
government orgamzation, the customer communicates with the producer 
(in this case a government agency) through two channels. He continues 
his ordinary commerce with this supplier, but he also affects supply 
behavior through pohticsd channels. Influence through this second 
channel affects behavior in two distinct ways. First, individuals as a 
political group may demand from the supplying agency a different bundle 
of goods than they would purchase individually Secondly, because 
performance of government agencies is judged in terms of criteria other 
than profitability, bureaucrats are led to behave differently than personnel 
within proprietary organizaUons There arc, in other words, both 
demand-based and supply-based reasons for government enterprises to 
behave differently than would proprietary firms confronting identical 
market demand functions. Although one rarely observes a government 
agency being influenced by only one side of this market m isolation, it is 
nevertheless useful to distinguish, at least conceptually, these two sets of 
influences. 

Considerable attention has been devoted to the demand-based (i.c., 
political) influences on this behavior by economists and political scientists. 
For example, the familiar “free nder problem” discussed by Olson (1965) 
and others is alleged to suggest that output levels will be higher when 
pohtical processes organize the provision of public goods than when 
private firms produce and sell those goods ’ Downs (1957), Black (1958), 
Riker (1962), Stigler (1972), and many others have developed theoreucsd 
models of the affect of parhamentary rules including rules affecting vote 
trading on governmental decisions and thus the allocation of resources 
in this sphere. 

Less attention has been paid to the supply side of this market, and it is 
here that this paper will be focused. Although the behef u widespread 
that bureaucracies themselves influence the character of their output, the 


' See, however, Thompson (1968) and Lindny (1972). 
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theory of why this is true u to date incomplete. The moet popular approach 
to thi» problem is simply to postulate some alternative for profits as the 
agency manager’s maxtmand Typically, the size of the bureau or ia 
budget is assumed to be maximized. ^ 

There are some obvious difficulties with this approach First it says too 
little about bureau behavior since, though managers arc assumed to want 
larger bureaus, the theory does not directly address the manner in which 
these are obtained Budgets arc typically treated as either exogenous or 
mechamcally derived from congressional demand functions To say that 
bureaucrats have a taste for bureaus, therefore, tells us no more about 
their behavior as managers than does the assertion of any other taste. 
Even more critical to this approach, however, is the mconsistency of 
imputing to management the objective of maximizing their budgets when 
one of the most important functions of management seemingly is to 
husband resources of their orgamzations 

Ultimately, all these difficulties stem from the failure of these presen¬ 
tations to model explicitly behavior on both sides of the mitfket for 
managerial services Realistically, the size of the budget is of peripheral 
importance to both suppliers and demanders of these services It simply 
is not plausible that managers would exchange large amounts of money 
eanungs for direct consumption benefits associated with budget size. 
Similarly, it cannot be the explicit intent of Congress to reward managers 
for simply spending money. Congressmen are interested presumably m 
pleasing their constituents, and this involves getting as much bureau 
output as they can for as httle as they can Budget maxiinizauon “works” 
in explanations of burcaucraUc behavior, therefore, only if informational 
constraints operating on both sides of the markci cause increased spending 
by managers to be perceived as increased manager productivity by 
Congress ^ Elxplicit analysis of this market below will show this to be an 
implausible result Analysis of this market under realistic assumptions 
about how Congress monitors manager behavior does suggest, however, 
that there is a basis for a separate theory of government enterprise 

n 

It is assumed here that the demand prices for manager services in pro¬ 
prietary and government enterprises are related to the perceived produc¬ 
tivity of their managers For proprietary firms the term “productivity ’ has 
a clear and unambiguous intcrprctauon It measures a manager $ 

• See, e.g , McKean (1964), Parkiruon (1962). Nukanen (1971), and Shapiro (1975) 

• That the budget may be used as a proxy for output in judging the impcHlance (i.e , 
producuvity) of managen is a frequent rauonatisauon of this rote. See, e.g , Sh^to 
(1973, p. 403) 
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and the cost of the retourcef Uf^. 

If the socisd value of a bureau's output if the fame at I'tt market vaiue, 
then the aeliuJ productivity of managerial behavior will not differ between 
competitive pn^rietary finnt and government enterpriaea. Managers of 
these two types of enterprise, if rewarded on the basil of actual pro¬ 
ductivity, would make identical allocative decisions, and there would be 
no supply-based theory of bureaucracy distinct from the theory of the 
firm. Actual miuukgerial productivity is not known in either case, however; 
owners of proprietary firms suid members of Congress must discover the 
productivity of their respective managers. It is precisely because this 
information on manager productivity must be estimated and estimated 
differently in these two cases that behavior of the two types of organiza¬ 
tions is itself predicted to differ. 

Owners of proprietary firms gauge their executives' productivity by 
monitoring the financial statements of their firms. Clearly there are 
factors beyond the control of these managers which also affect firm profits. 
Study and comparison of the financial performance of their own and rival 
firms should nevertheless provide valuable and typically adequate 
information concerning the productivity of management. The discipline 
imposed by discerning customers, themselves searching for "good value," 
should make it unnecessary for these owners to monitor internal resource 
use or engage m quality control of their firms’ products A manager who 
allows waste of inputs or unattractive product desigpi will suffer in the 
first case a rise in cost and in the second a fall in price. Both will be 
reflected in his Arm’s profits and thus be noted as a decrease in his 
productivity by the ownership 

Congress might also monitor profits, in which case again behavior 
would be indistinguishable between these two sorts of institutions At least 
this would be true as long as competition existed for both sets of enter- 
pnses. In many cases of government production, however, the social value 
of bureau output (or more specifically, the value placed on this output 
by the political process) is not the same as its market value. For example, 
the government provides .housing, medical care, and education for 
the disadvantaged. The market value of such consumption is simply the 
amount these individuals will pay for these items. The very fact that the 
government chooses to provide them suggests that it regards this valuation. 


and therefore the amounts privately purchased, inad^uate. The price 
charged this target population is therefore set politically at a level below 
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what t^t value is. The value of bureau output is what Congress beheves 
It to be worth. Congress may determine this worth, however, only by 
determining the levels of each of the various attributes associated with the 
product. There are certam attnbuccs which Congress can monitor readily 
and others which u cannot Bureau managers arc therefore influenced to 
divert rcKiurces from the production of attributes which will not be 
monitored to those which will In so doing they will increase the perceived 
value of the bureau’s output As producUon of attributes not expected to 
be observed by Congress will not increase a manager’s picrccivcd pro- 
ducuvity It will not pay for agencies to devote resources to their 
production 

The conventional deterrent which operates to prevent proprietary 
firms from engaging in such quahty depreciation, that is, a fall in demand 
price, IS inoperative here Prices of government enterprises are typically 
politically determined (often set at zero), hence, insensitive to changes m 
consumer demand As long as Congress beheves the value of this output 
is unchanged, then managers’ earnings will remam unchanged 

Consumers may, and often do, make known directly to Congreu their 
dissatisfaction with the quahty of bureaucratic output Information of 
this type may not be expected to replace effectively the mformauoD 
provided by falling market prices. Writing letters is costly and unlikely to 
provide tangible “relief” to the unhappy customer All but the most 
egregious shortcomings go unreported via this channel Second, the 
quality of the information provided is lower Individuals do not com¬ 
municate to Congress the same sort of market validated mformation 

* The question of why government frequently chocaa to organize thu activity itwtf 
rather itz purchase in the market through a suh si dy -vou cher sc heme ca nn o t 

be addresaed here. It u clear, however, that the bureaucratic probleim identifiesl la tfaii 
paper wouU be eliminated by a thill to vouchen 
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yielded by customers shopping around for bargains and expressing their 
satisfaction with purchases. In this respect, these comments resemble the 
tears and tantrums of small children which bear little correlation from 
moment to moment with the quality of their treatment by adults. 

We predict, therefore, that when proprietary and government enter¬ 
prises confront identical demand functions, systematic differences in the 
behavior of these two types of enterprises will be observed The output 
of government enterprises will, in general, contain fewer of those attributes 
which are “invisible” to Congress, that is, whose presence and quantity 
are not monitored. 

This may be made clearer with the aid of figure 1. The axes of this 
figure represent quandties of the two attributes of some product z. A 
produedon possibilides curve t{z) identifies the combinations which may 
be embodied in each unit of the good with a given ouday. Curves p^{z) 
and p^{z) are isopnce curves linking combinations of attributes which 
will command a common price in the market As proprietary managers 
seek to obtain the most revenue for any given ouday, these isoprice curves 
arc also cong^ent with managerial indifference curves Proprietary 
managers will thus be led to produce combination z^ which maximizes 
the price obtainable along <(.;) 

Assuming that both Zj and Zj are monitored by Congress and that 
Congress’s valuation of each attribute is the same as that revealed by 
consumers in the market, then government managers, too, will be 
influenced to produce combinadon z*. Realistically, however. Congress 
does not meter the level of each of the thousands of attributes which 
describe these products As metering is cosUy and attributes vary in 
importance, it will not be worthwhile for Congress to momtor or even 
to sample the level of some attributes Occasionally, the cost of metering 
will be discontinuous, and it will pay to monitor some “threshold level” 
of an attribute but not be worthwhile to meter its presence above this 
amount Government manager indifference curves will in these cases 
resemble/‘(z) where attribute Zj is perfeedy invisible and p^{z) where 
it IS invisible beyond some threshold level. They will thus be influenced 
to produce z^ in the former case and z^ m the-latter. 

The theory presented thus suggests that government agencies will 
devote no resources to the production of invisible output. To the extent 
that Congress seeks to influence a bureau to produce a product which is 
no different from that provided by proprietary firms, such intentions will 
be disappointed in this respect. The output of such bureaus, containing 
nonoptimal combinations of product attributes, may be said to be of 
lower quality than output exhibiting attribute combustions in the 
“desired” proportions. 

This is not to say that the level of certain attributes produced by 
government enterprises may not exceed the ideal level. Policemen whose 
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output is monitored by the number of summons which they issue may, 
in fact, patrol poitions of road offering natural concealment more 
intensively than real traffic safety warrants The FAA may through 
regulations require that airlme passengers purchase more safety from 
airframe failure (smee airframe design 1 $ relatively cheap to monitor) 
than they would choose as part of their air travel package. Neither 
automobile nor air travel provides the utility which it might if the 
resources dlevoted by the Highway Patrol or the FAA to the uses men* 
tioned were employed differently It is, therefore, convenient to use the 
phrase “lower quality” to denote the predicted phenomena of nonopturud 
attribute combinations 

By determining what sorts of output might be exjiectcd to be invisible, 
we may make even stronger predicuons about the character of bureaui 
output. Before turning to this task, let us consider, m the context of this 
“derived demand” view of manag^enal incentives developed here, an 
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alternative view of the manner in which the productivity of managers is 
gauged 

It is widely believed by noneconomUts that salaries rise in bureaucratic 
hierarchies in relation to the “greater responsibilities” of higher office. 
An economic interpretation of this view holds that the larger is the 
bureau or the budget, the more productive is presumed to be (i.e , the 
more management services are supphed by) the manager In other words 
the levels of some or all inputs are used as a proxy for the value of manager 
services and these data alone enter in the manager’s reward function 
Indeed, this may appear superficially to be a plausible interpretation of 
the ad hoc budget or bureau maximiung theories mentioned earlier * 
That IS, if managers perceive their own earnings to be solely dependent 
upon the level of their budget or the size of their bureau, then such a 
variable becomes a logical maximand. The existing positive correlation 
between budgets and/or bureaus on the right-hand side and salaries on 
the left lends false credence to the idea that causation moves from right 
to left m this case 

Such a scenario cannot describe the actual behavior of government 
enterprises No responsible government representative (or corporate 
director) would agree to compensate an executive on the basis of this 
type of reward function The informational content of such a proxy for 
managerial performance is nil, and it provides incentives which are 
piositively perverse Managers confronting such a reward function have 
no reason (other than consumption) to produce any output and are 
rewarded for using up resources One imagines this process yielding a 
corp of bureaucrats supporting themselves in what used to be called 
“oriental splendor” by devoung government financed resources to the 
gratification of their own needs —and being well paid for it Unless some 
attributes of output are at least potentially meterable by Congress, no 
output will be produced 

Aware of such a state of afiairs. Congress will dechne to fund output 
which it cannot meter. For the same reason we do not expect Congress 
to appropriate funds to finance the production of attributes which arc 
invisible and therefore will not, in any event, be produced by government 
enterprises. This observation leads us to an important (and m the context 
of the literature on bureaucracy, unprecedented) implication of the model 
advanced here. The average cost of a government enterpnse’s output 
(being simply total cost divided by the level of some vuible attnbute) 
will in general be less than the avenge cost (calculated the same way) 
of a propnetary enterpnsc producing for the same market.* 

> Nukanen has duavowed thu inlerpretation in correspondence 

* Tile behavior of government la this respect parall^ that of the used automobile 
purchaser analyzed by Akerlof (1970) who o^iectt to get a “lemon" and sets his demand 
price accordingly. 
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Two difficulbes complicate efforts to test the theory empincally First, 
quality differences are predicted for enterprises facing identical demand 
functions. However, valid reasons often exist for believing that demand 
functions are not identical and that the political process seeks a lower 
quality product Where this is plausible, observation of low quahty output 
is not particularly convincing evidence for the arguments presented here 
Indeed, were these two events always found in conjunction, the scientific 
value of this theory would be minimal As will be shown in section IV, 
implications may be developed from the theory which arc not easily 
rationalized in terms of “demand side’’ phenomena 

The second difficulty concerns the nature of the imphcations them¬ 
selves Attributes which arc predicted to be invisible to Congress might 
typically be expected to be invisible to an economist as well Predictions 
concerning the presence of attributes which are invisible to both are 
clearly difficult to verify directly Indeed, the theory seems, superficially 
at least, to be empirically empty almost by definition Fortunately, the 
theory may be made to yield additional implicauons which themselves 
support indirectly the hypothesis of inferior quality output For example, 
the suggestion at the end of section II that bureaus will produce output 
at lower apparent cost per unit itself depends on the presence of mvisible 
attnbutes m propnetary firm output 

Recent experience with the Veterans AdnuiustraUon hospital system 
serves both to illustrate applications of the theory and to provide empirical 
tests of Its implications Table 1, for example, presents evidence concenung 
the cost hypothesis Reported cost figures for these two sources are not 
commensurable. The VA costs mclude the wages of salaried physicians, 
while physicians bill for their services separately in private hosjMtals 
Proprietary hospital costs, on the other hand, contam depreciation on 
buildings and equipment which is not included in VA costs Elsewhere 
(1975) I have esUmated VA physician cost and propnetary depreciation 
cost per patient day for the years listed These have been subtracted from 
their respective totals in order to yield commensurable costs shown as 
“net costs” in table 1 As predicted, VA costs arc lower than propnetiuy 
costs. 

As is the case with most government enterpnscs, the chief source of 
information available to Congress concermng the character of its output 
is the VA's own statistical reports Reports from managers of VA hospitals 
and executives of the VA system are useful, of course, only if they can be 
expected to contam valid information This will be the case only if at 
reasonable cost the reports can be verified by audit. The cost of auditing 
varies greatly with the nature of the information to be verified, however. 
It seems plausible that factors sdfcctii^ the feasibihty of verifying the level 
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TABLE 1 

VA AND Propribtaiiy Hoipital pek Dbm Com Sblbctsd Yeam 


Yeak 

Veterans Administration 

Proprietary Hoepitau 

Reported 

MDCost 

Net Cost 

Rqiorted DeprectatiMi 

Net Cost 

1969 

$38.51 

$12 29* 

$26.22 

$ 64 66 

$ 6 39 

$58 27 

1970 

46 44 

12 91 

33.53 

76.80 

8 97 

67 83 

1971 

52 56 

15.35* 

37 21 

87.25 

11 84 

75 41 

1972 

64 23 

17.79 

46.44 

98 57 

16.97 

81.60 

1973 

69 32 

20 23* 

49.09 

108.31 

25 44 

82 87 


SoimcBt —Committee on Vcteruu Afl*in, tJ S Houie of ReproenUtiveB, Gmdt Issms, t96^ 

I973t and OpntUimu of l^ourtiu ASoumstrottao HotpMi (aid Midieat Pogrom, variout yean, and autbor*i 
comtratatiofu 
* Interpolated 


of a particular attribute will include its value, its being witnessed by 
imparual parties, whether it is a continuing phenomenon or a brief event, 
whether it is a matter of routine or a singular episode Attributes which 
arc of litdc value, are witnessed only by the supplier and the recipient, and 
arc bncf and cpisodal arc predicted to be inauditablc and therefore 
invisible to elected officials 

One set of attributes of hospitalizations qualifying for our attention in 
this regard is patient service, whether rendered by personnel or capital 
equipment If the level of such services is reduced to the pioint where the 
incidence of death is detectably increased, then the attribute becomes, 
of course, quite visible Reductions m the levels of such characteristics 
above this threshold, merely impair the comfort of patients, however, and 
are extremely costly to monitor To the customer (patient) involved, 
neglect by staff, “crowding” of facilities, and absence of environmental 
amenities are quite noticeable and reason enough to avoid (and to advise 
friends and associates to avoid) patronizing such facilities in the future— 
if one is paying the bill Levels of such services, if reported, could not be 
effectively audited, hence such information is not sought by Congress 
The quantity of visits to the wards made by nurses and staff, the numbers 
of smiles and words of encouragement delivered, and the level of taste and 
thoughtfulness characterizing the patient environment in these hospitals 
thus remain invisible We may therefore predict that the level of such 
patient services per patient day is lower for VA hospitals than for pro¬ 
prietary hospitals ^ 


It will be nouced that the monitonng advantage of propneury customen via-ii-vii 
Congreu concern! the knowledge poHCMed by the former of ipecihc '‘circumitancei of 
time and place” pointed out by Hayek {1SM8, p 83) Thii advanuge d«ei not emerge, 
as Hayek claims, firom the inability to commit informauon to statistics, since all informa¬ 
tion may vnth suitable mamptdauon be transformed mto quanbtauve form. The 
principal difference lies simply in the cost of acquiring and validating the information 
at these two levels. 
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T^e cost of momtonng these characteristics is likewise high for us, but 
again indirect evidence supports this implication While we cannot 
ourselves (as Congress cannot) observe the level of personnel sennees 
provided, we can observe the number of staff employed Remembering 
that Congress would not be expected to fund invisible output attributes, 
we should expect them to support a budget for staff no larger than that 
required to provide the threshold (i e, lifc-maintaining) level of this 
attribute Congress would, in other words, have no interest in requiring 
the VA to devote funds to the employment of additional staff when it 
recognized that managers would have no pecuniary incentive to insure 
that this additional staff actually provided patient services Proprietary 
hospitals do have an interest in providing patient services above this 
“subsistence” level, however We therefore predict that staff/patient ratios 
arc lower in VA hospitals than in proprietary hospitals Table 2 contains 
a comparison of mean staff/patient ratios for years when this data is 
available, VA slaff/patient ratios are lower as predicted 

impheauons arc also suggested concerning attributes exhibited by 
inputs to the hospital production process Personnel supplying services in 
this market may be said to piosstM in varying measure some attributes 
which are useful in the producUon of nonclimcal services but are not 
useful in producing clinical services An example of such an attnbute is 
“bedside manner ” Among physicians with equal clinical abiliues those 
with higher levels of these attnbutes will be able to command higher 
carmngs in the market reflecting the market’s evaluation of those attn¬ 
butes Only the output of climcal abilities of such personnel is visible to 
Congress Bedside manner, though valued by patients and perhaps by 
government representatives ais well, cannot be metered by this latter 
gpxiup economically Managers of VA hospitals therefore have no mcentive 
to expend the additional funds necessary to attract piersonnel with these 
attnbutes It is thus suggested that among piersonnel with equal qualifi¬ 
cations (e g , physicians and nurses) those employed by the VA will earn 
less than those employed by propnetary hospitab or those who are 
self-employed 

If most customers prefer to be served by white clerks, it also suggests 
that the Post Office and other customer service agencies will employ a 
dispropwrtionately large number of minonty members in customer 
contact piositions Similarly we should exjject the VA to employ a 
dispropxirtionately large number of minority physicians If most hospital 
patients prefer to be treated by white physicians, then the attribute 
“white race" will command a positive premium in the market for 
physicians Managers of VA hospitab will find it not in their interest to 
pay this premium for this invisible attribute. They will therefore tend to 
hire dispropxirtionately more mmority physicians obtaining in the pxooess 
the visible attribute—therapeutic services—at lower cost TaWc 3 presents 
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TABLE 2 

Staff/Patibmt Rattm for VA amd Prorristarv Hoifitaij; VAJUout Yeari 


Year 


VA OenerRl Hoqnuli 


ProprieUrv Short-Term 
Genera] Hoipitali 


1969 . 

. . 1.42 

2.44 

1970 . 

1.46 

256 

1971 . . . 

N/A 

2.62 

1972 

N/A 

2.67 

1973 

1.59 

2 72 


Soumoi».-~Gomfmttee on Vetomiu AAiin, U S Koui* c£ RepraienUtivci, Optr^hmt •/ VtUrmu Admmu- 
mt»m fhtpUMti Mtiutd ▼ariout ycnn, Hiptkdt Gmdt Ittwu^ /w9>/P7$ 


TABLE 3 

RtPKSiKNTATiON or MmoRTTY Pkyuckanb ON VA Hospital STAFn 1970 


VSTKRANl 

AomNBmiATiON Total Civilun U.S< 



S 

% Total 

S 

% Toul 

Total phyuemu 

4,912 

100 00 

280,557 

100 00 

All nunonty 

553‘ 

11 26* 

26,657 


Spanuh tumame 
OnentRli 

251* 

5 10* 

10,451 

3 72 

211« 

4 30* 

9,987 

356 

Bucks 

89t 

IBlt 

6,044 

2 15 

American Indian 

2t 

0 04t 

175 

006 


Sounctt.—U S Ceomi of Populacion, 1970, and VA perBoonel recordU. 
* flUsniRcandy dlffiemit from U S praporfion at 99 le^ 
t ^ tifAiiicMtly diflcreot from v S proportion at 90 level 


evidence on nunonty representation among VA physicians in 1970. It was 
reptHted in 1970 that the proportion of VA physicians holding degrees 
lh>m foreign medical schoob was 25 percent while foreign-trained 
physicians represented 17 percent of all those Lcensed in the Umtcd 
States (U.S. Congress 1970). The former differs from the latter by 
approximately 15 standard deviations. 

The invuibility of hospital care itself may explain the puzzling 
phenomenon of “excess utilization’’ of VA hospitab. A patient who is 
gravely ill requires a great deal of costly treatment, while a patient who 
has fully recovered or was never ill requires little. If “patient days" is the 
only attribute of output visible to Congress, then a given output may be 
produced with fewer resources if the pauents filling the wards are of the 
latter type. If a VA padent who requires no care b replaced by one who 
requires some, then resources which might be devoted to the visible 
attribute, padent days (i.e., hotel services), must be diverted to the 
invisible attribute, care. Such subsdtudons reflect unfavorably on VA 
hospital managCT producdvity, hence we may expect them to make fewer 
than their proprietary counterparts. For example, we predict that, 
among similar individuab having experienced similar surgery, padent 
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TABLE 4 


Avbraoe Linothi or Stay w VA amd VounffAiv HomrAU «v Sukoicai. Peocdkibi 
FOR Patirnti 50-64 Yram Exceft Where Noted 
(Reported by Davi) 


Procedure 

VA 

Voluntary 

Pilonidal Cyst (35-49) 

15 7 

58 

Diabetes m^tus 

19 0 

9.0 

Acute coronary occluuon 

31.5 

21.7 

HemofThoidectomy 

15 3 

71 

Tonsils and adenoids (35-49) 

64 

2.4 

Duodenum ulcer 

15 2 

67 

Appendicitis 

12 1 

6S 

Inguinal hemia 

17 1 

12 

Gutroententis and colitis 

11 1 

11 

Gallstones 

26 5 

11.9 

I^litis, cystitu, nephntu 
ludney stones 

11 6 
186 

66 

8.2 

ProsUte 

22 1 

9.7 


Souses —Intersceacy leafth^of-BUy Xudy snnip (uopubluhcd) 


TABLE 5 

Averaoe Lemoth op Stay in PitontETARv am> State akd Local Goveehhemt 
Short-Term General Hobpitau (in Davi) 


PropnetRry State and Local Govoimicat 


1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 


Souses .—^mtnetm A/sipUs/ Assonsitm 


63 

85 

64 

86 

68 

90 

70 

89 

68 

89 

68 

87 

66 

83 

66 

80 

67 

7.8 

67 

7.7 


Is fkt Hmitk PmU, ) 975 


stays would be longer for VA patients than for paUents of private hospitals. 
Table 4 reports some of the results of a comparison of VA and vtJuntary 
hospital pauent stays in which age and cause of hospitalization arc 
controlled 

It IS widdy aUeged that VA paoents are nontypical for reasons other 
than those outhned above Table 5 therefore presents compariswii trf 
lengths of suy for propnetary hospitals and all state and local government 
short-term hospitab Although it is not possible to contrtJ here for pro¬ 
cedure, the predicuon toward longer lepgths of stay m government 
hospitals is provided some limited support by this data An 

Additional evidence of “excess utilization” was reported by the GAO 
in a recent audit of medical records of VA hospitals. It was discovered 
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that 8.6 percent of the patient days furnished at these hospitals were 
performed on patients who could have been effectively treated in either 
nursing homes or as outpatients and who would not typically have been 
treated in non-VA hospitals. Another 5.9 percent of these days were 
furnished to patients awaiting surgery or undergoing tests typically 
performed on non*VA patients prior to admission (U.S. General Account¬ 
ing Office 1973). 

IV 

We must interpret this evidence with care Long patient stays are 
seemingly as visible to Congress as they arc to us and have been noted 
repeatedly by observers of the VA medical program. One would expect 
that this visibility of longer patient stays would prevent, or at least 
attenuate, the exploitation of such “false economies ” It would seem 
that the perceived productivity of managers whose patients remained 
hospitahzed for twice as long as patients m other hospitab would be 
adjusted downward for this phenomenon Yet longer patient stays persist. 

Secondly, the private hospital sector is not free of its own anomalies 
affecting resource allocation Most hospital care purchased privately is 
insured, which suggests the possibility of moral hazard.* Consumers of 
insured services will demand more in both quantity and quality than 
they would purchase on a strict fee-for-service basis, and pnvate hospitals 
may supply it. * The evidence presented here is not fully consbtent with 
a moral hazard explanation either, however One may, on the one hand, 
interpret the lower quality of VA hospital service as an efficient response 
to customer wants which are not distorted by insurance-based demands 
for excess quahty On the other hand, if moral hazard were the dominant 
influence here, we would expect a similar reaction in the quantity 
dimension, as well The observation of longer patient stays in VA 
hospitals IS inconsistent with thu imphcation 

Finally, the implications concerning relative qualities of pnvate and 
government output are not tested if Congress places a lower value on 
quality than do pnvate demanders It may be argued, in other words, 

■ See Pauly (1968) 

* Fddstein (1971) and (1973) has argued that insurance will result in an increase in 
the quality of service supplied by nonprofit voluntary hospitals This is ranonaloed by 
giving hospital adminutrators a taste for quahty which insurance allows them to gratify 
more fully. An alternative explanalion of quality inflation associated with insurance u a 
simple variant on the moral hazard argument Reimbursable insurance influences 
hospitals to engage in quality competition As long as insurance coven costs, there is no 
reason for demanders or suppben to economize on quahty any more than they are 
influenced to economize on quantity in the more conventional moral hazard discussions 
(see Lindsay 1975, p 63). . 

Infimor output is predicted for government bureaus even where Congress seeks to 
provide higher quality than the market. 
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that quality of government bureau output is low because Congress wants 
to provide low quality output. Lacking direct evidence of their intentions, 
we may only judge the importance of this objection by considering its 
plausibUity in each case. This explanation may not be ruled out for the 
low quahty observed in connection with VA hospitals. It may very well 
be the intention of Congp’css to provide a quality of care inferior to that 
typically supplied by proprietary hospitals m this country. The low 
stafT/paticnt ratios, the large wards, the low-cost physicians may all be 
manifestations of the will of the political process to provide hospital care 
with a lower level of amenities than that which their patients would 
purchase for themselves The oft-repeated claim of the VA management 
that the VA provides a quality of care “second to none” need not be 
interpreted as seriously inconsistent with this view Evidence presented 
here concermng experience with VA hospitals should therefore be treated 
as merely suggestive 

It IS not difficult to develop hypotheses and examples of behavior less 
easily rationalized in terms of pohucal intent, however The intervention 
of government in a market u not typically coupled with a wish to 
depreciate the quality of the product supplied If public statements by 
government officials are to be believed, this intervention in many cases is 
principally motivated by a wish to improve quality For example, 
readers of the Bevendge Report, the blueprint of the English National 
Health Service, cannot interpret this document to portend the sort of 
gross degradation of the medical industry which has occurred there since 
1948. Proprietary schools and universities are deplored by many educators 
because they feel that the quality of education in these schools would be 
substandard Yet Peltzman (1973) found that the net effect of government 
involvement in education was a dramatic decrease m the quality of the 
product provided Similar unsubstantiated statements abound concerning 
the low quality of medicine practiced at propneiary hospitab and the 
superiority of other organizauonal forms in this quahty dimension 

The preoccupation of monetary and fiscal authorities with the CPI 
rather than the real “cost of hving” may be interpreted in this fashion. 
Price controb which increase the cost of living in invisible ways while 
holding down the highly visible CPI are seen to be attractive pohey 
instruments The excessive sensitivity of the FDA to the piossibility of 
carcinogens in our food and drugs is also understandable The visibihty 
of an FDA screening failure such as thalidomide is clearly higher than 
the visibility of other costs imposed on consumers by more rigorous testing 
and Bncr screening, such as delays in development and more costly drugs. 
Herein may abo lie the explanauon for the universal practice of 
government-operated universities admitting only the “best qualified 
students, that is, those whom it is least costly to teach rather than rationing 
space on the basis of income or price University managers arc aware that 



L number of 

rtgularfy monitored nttribuiw of unlverelty output The ofrto^trf 
output vector of univenity fiwulty u itsardt temdiing and “ 

consistent with this model as is the fismlliar pohoo **spe©d trap* Even the 


pftradoxical affirmative action ''quota** mm a meant of e l imin a tin g race- 
or sex-based discriminatitm becomes understandable. 

The foregoing is not intended to suggest that government administrators 
are any less capable, less sensitive, or lets dedicated public servants than 
their proprietary counterparts. Economics is a science in which differences 
in personality, ability, and taste play little part. Rather it it a reflection 
of the organizational scheme in which incentives, indeed survival 
characteristics, facing management leave little discretion. Increases in 
the quality of government enterprise output increase the “unit’* cost of 
the product. The increase in the quality may not be apparent to elected 
officials The increase in cost almost certainly will be. 
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The theory of exhaustible resources is modified to take account of the 
industrial organization of the world oil market The cartel is viewed 
as a unified enterprise which dominates other extractors because of its 
larger reserves Equilibrium price and gales paths arc derived giving 
neither the dominant extractor nor the competitive fringe any incentive 
to change lU intertemporal behavior Under standard but simplified 
cost assumptions, it is shown that a disproportionate share of the in¬ 
creased profits resulting from the formation of the cartel goes to non¬ 
members and that the cartel’s restriction on sales eventually leaves it the 
sole supplier of oiL 


The current structure of the world’s oil industry bears little resemblance 
to the extremes assumed in the theorcUcal literature on exhaustible 
resources There is neither a single cartel (or firm) which owns all the 
world's oil and thus has unchecked power to set pnees over ume, nor is 
there an abundance of measureless, “Mom-and-Pop” oil extractors 
dotting the globe Instead, the industry contains one cartel with more 
power than any other extractor, but other extracton do exist and have 
enough importance, coUecuvely and perhaps individually, to restrain the 
full exercise of monopoly power 

In this paper, the conventional theory of exhausublc resources is 
modified to take account of this structure Since many extractive industries 
besides oil have market structures “intermediate between monopoly and 


The views expressed herein sre solely those of the author and do not necesanly repre¬ 
sent the views of the Federal Reserve System I am gratefiJ for the insights ofjeff Shafrr 
and Steve Salop in formulating this problem I also wish to thank—without inqdicating 
Richaid Bemer, Michael Dooley, Dale Henderson, Peter Isatd, Harry Johnson, Val 
Koromtay, Sam Pfeltaman, Michael Salant, and Marun Watzman. 
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perfect competition”—as Hotelling (1931, p. 171) remarked long ago*— 
the modified theory may also be applied to other exhaustible resotirces. 

The world oil industry is regarded as a collection of independent firms 
fiom which consumers purchase oil at the same price Each firm may be 
viewed as a participant in a Cournot noncooperative game—^maximizing 
its own discounted profits while taking as given the sales path of the 
remaimng firms. Assumptions about the extraction costs and oil reserves 
of each firm determine whether the Cournot equilibrium which results 
resembles more closely monopoly, competition, ohgopoly, or price 
leadership. 

As a simplification, every small extraction unit or "plant” is assumed to 
have the same oil stock and cost function In the absence of a cartel, each 
plant is owned by a different firm A cartel is said to form when more than 
one plant comes under control of the same firm The cartel is then in the 
distinctive position of ownmg larger reserves than any other firm More¬ 
over, if the marginal cost function of each plant is upward sloping, the 
cartel can extract at the same rate as another firm for a smaller cost 

These two distinguishing characteristics give the cartel market power 
over every other firm If it is assumed that the rest of the world’s oil stock 
IS divided equally among a sufficiently large number of other extractors, 
a dominant firm model results In such a case, each small firm acts like 
a compeutor which takes as given the pnee path set by the cartel and 
chooses a sales path to maximize the sum of discounted profits. The cartel 
takes the sales path of the “competitive fringe” as given and chooses a 
price path—supported by cartel sales—to maximize its discounted profits 
Any situation where each sector takes as given the optimal choice of the 
other and where neither can, imder that assumption, increase its profits 
by altering its own strategy is called a Nash-Cloumot equilibnum ^ 

This paper analyzes cquihbrium properties of the dominant extractor 
model ^ In the next two sections, it is assumed that costs at each plant are 
a linear function of the rate of extraction (constant marginal costs). As a 


' Although Hotelling recognized the importance of oligopoly in extractive mdustnei, 
he did not analyze the caie in detail Since hu pioneering arUcle, theoreucal research on 
exhausuble resources has focused exclusively on the rare extremes of monopoly and perfect 
competition 

^ The equiltbnura is named after Cournot and Nash because the first originated and 
the second generalized the assumpuon that each player ignores the effccu of hu acuoiu 
on the strategies of the others. In contrast, Stackelberg asmuned that one particular 
player can mampulate the reacuoiw of the other The unexplained asymmetry of thu 
alternative approach is itself a drawback; moreover, it makes an extension of the luialysu 
fiom duopoly to oligopoly impossible. 

* The versatihty of the Cournot approach u further illustrated in Appendu B, where 
asymmetric oligopoly u shown to result when different assumptions are made about stocks 
owned by the various extractors The domuiant extractor model of the liext u then shown 
to be a liimting case of asymmeinc tdigt^y. 
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result, the acquisition of several plants by the cartel does not enable it to 
extract more cheaply than another firm Nonetheless, the cartel sull has 
one unportant advantage over the other extractors, it owns more oil. To 
focus on this advantage, which has no counterpart in the theory of cartels 
selling an ordinary producible, marginal extraction costs are assumed to 
be zero Section 1 considers the optimization problems of both the cartel 
and the competitive fringe under this cost assumption, and then shows 
how the equilibrium price and sales paths can be constructed Qualitative 
properUes of the resulting equilibrium are discussed in section II and 
comparisons arc made to the more familiar extremes of monopoly and 
perfect compeuuon In section III, the dominant extractor model is 
reconsidered under the assumption that the marginal cost of extracting 
at each plant is upward sloping 

Three results emerge under cither cost assumption (1) the formaUon 
of the cartel raises the discounted sum of profits of the competitive fhnge 
by an even greater percentage than those of the cartel, (2) after the inibal- 
jump in prices, the cartel continues to raise the real price of oil mono- 
tonically over time, and (3) no matter how small its supplies compared 
to those of the competitive industry as a whole, the cartel restnets its sales 
so as to take over the market after the competition has exhausted its 
reserves 

I. The Oil Cartel as a Dominant Extractor: The Case of Zero 

Mstrginal Coats 

To begin, consider the problem facing the cartel Suppiosc the cartel 
knows the stationary consumer demand curve, the sales path of the com¬ 
petitive sector, and the stock of its own resources The sales of the com¬ 
petitive sector may include sales of competitive speculators who begin 
with nothing but are free to enter, purchase in any period, and sell a 
smaller or equal amount later The cartel’s problem is to pick a path of 
pnees, supported by its sales, to maxinuze its discounted revenues 
Alternatively, it can be thought of as picking its sales path over time 

Since the cartel takes the compeutivc sales path as given, it can deduct 
the given sales on each period from the consumer demand curve to obtain 
a sequence of excess demand curves Each curve will mdicatc the amount 
of oil demanded of the cartel at a given pnee in excess of what the 
competitive fringe sells at that instant Faced with these excess demand 
curves, the cartel must choose a sales path which maximizes the sum of 
discounted revenues, but which does not exceed its iniual inventory 

* To extend the results of the next two iccuons (and the appendixes) to the c« of 
positive, constant marginal costs, rcinterprci the words price, marginal revenue, and 
'*choke level" as "net of the constant marginal cost " 
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To accomplish this, the cartel (like a monopolistic extractor) must 
compare the marginal revenue associated with selling another unit today 
to the discounted marginal revenue of selling it in the future The marginal 
revenue associated with a sale by the cartel of Q" units is simply the price 
it would receive for selling another unit less the loss it would incur, be¬ 
cause of the shght reduction in price, on the inframarginal units {Q") it 
sells' 

M = i>(Q- + Q*) - Q" ■ a{P), 

where 

Q" IS the sales of the cartel, 

Q‘ IS the (given) sales of the competitive sector, 

P IS the price at which consumers would purchase Q" + 
units, 

M IS the marginal revenue associated with the excess demand 
curve, and 

a{P) IS the absolute value of the slope of the consumer demand 
curve (with respect to sales), expressed as a function of 
pnee 

Notice that this marginal revenue is derived from the excess demand curve 
faced by the cartel 

If the strategy of the cartel is optimal, it must generate marginal rev¬ 
enues of the same discounted value in all periods in which the cartel sells, 
once the cartel stops selling, the discounted marginal revenue must never 
exceed the marginal revenue on any picnod of positive sales. Violation of 
either condition would provide opfxirtunity for addiuonal profits Hence, 
along the opumal path, the marginal revenue grows at the rate of interest 
unul sales cease; then it grows at a smaller (or equal) rate Cumulative 
sales along the optimal path must, in addition, equal the cartel’s initial 
inventory (/"), leaving some oil m the ground is never optimal 

Given the competitive sales path, the cartel picks its sales path to 
maximize discounted profits Alternatively, it can be viewed as selecting 
the optimal price path, supported by its sales The price path it selects 
may have any shape, since the excess demand curves it faces m successive 
instants depend on the arbitrarily given competitive sales path The price 
path may have regions where the price rises by more than the rate of 
mterest or even falls absolutely. However, we must ask if all other agents 
in the model would react to the chosen pnee path in the way assumed by 
the cartel. If not, the price path does not result in noncooperative equil¬ 
ibrium To understand how the other agents will react, the competitor’s 
problem must be considered. « 

The competitive sector takes the price path as given and knows its total 
stock. It chooses a sales strategy to maximize discounted profits without 
cxccedmg its initial inventory (/'). Since the competitive sector contains 
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(peculators who may buy for re-sale—^as well as extractors—its “sales” 
may be negative (1 c , purchases) m some periods 

The competitor s optimization problem, like the cartel’s, is entirely con¬ 
ventional The competitors will always exhaust their stock As long as the 
price rises by the rate of interest, different ways of selhng a given stock 
have the same discounted value If the price rises by a greater amount 
between two pienods, the competitive speculators would enter and attempt 
to make unltmiUd profits by buying in the first period and selling in the 
next If the price begins to nse by less than the rate of interest, the 
competitive sector will find selling its inventory before this region is 
reached to be optimal 

These two maximum problems provide enough information to charac¬ 
terize the equilibrium when it exists Price rises at the rate of interest as 
long as competitors hold stocks Afterward, it can nse at a smaller or equal 
rate Pnee can never nse by more than the rate of interest in equilibrium 
The marginal revenue denved from the excess demand curve must nse 
at the rate of interest, as long as the cartel makes positive sales, when they 
are completed, the marginal revenue can nse at a smaller or equal rate 
Each sector ultimately sells its entire stock 

These conditions imply that, as long as the cartel begins with positive 
stocks, it will conserve enough to continue selling after the competitors 
drop out * For, suppose the cartel completed its sales before the com¬ 
petitors Then the pnee path would nse at the rate of interest while the 
two sectors coexisted and would continue to nse at that rate after the 
cartel stopped sellmg Now, compare some early moment when the cartel 
IS selling to some later moment when its sales arc zero When its sales arc 
positive, its marginal revenue will be less than the pnee, when its sales are 
zero. Its marginal revenue will be equal to the pnee (since it has no inira- 
margmal umts on which to take losses) Since price is growing at the rate 
of mterest, the marginal revenue would have to grow by more, but this 
would give the cartel an incentive to alter its strategy Hence, in 
cqutlibrium, the competitors cannot conUnuc selling after the cartel 
dropM out 

If both sectors begin with positive stocks, they must both operate 
simultaneously in the market for a period of time When the price reaches 
some level, the competi live fnngc completes its sales and abandons the mar¬ 
ket to the cartel Denote this “termination” price as F* Prior to the 
time P* is reached, the two sectors coexist in the market; afterward, the 
cartel operates alone This suggests a solution technique. We begm at P* 
and the margmal revenue at that pnee associated with the consumCT 
demand curve, Af/?(P*) Before P* is reached, the pnee and marginal 

* In Section III, thu result is shown to hold in a dominant exnrncior model with in- 
creaauy cosu at each plant In Appendix B, the result is shown tor an oticopol- 

latic market where the cartel owns more oil than anv other single firm 
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revenues grow at the interest rate; hence, u moments before termination 
of the iirst phase at P*, the price P{u,P*) and marginal revenue 
M(u, P*) arc: 

P(u, P*) » and M(u, P*) - MR{P*)e-‘^. 

The price and marginal revenue, u moments before termination at /*•, 
each depend on two variables: the sales of each sector at that time: 

/»(«, P*) - /»[<?■(«. P*) + (?*(«, P*)]. 

M(«, P*) = P[(3«(«, P*) + P*)J - C-(«, P*) ■ a[P{u, P*)]. 
Substituting, we obtain: 

P**-” = P[Q”(u, P*) + (J'Cti, P*)], (1) 

A/P(P*)#-"‘ * P*€-'- - P*) ■ <i(P*«"~) (2) 

These two “marginal” equations can be solved simultaneously to obtam 
the sales of each sector u moments before termination at P*: Q'(u, P*) 
and Q"{u, P*). Only these sales paths will permit pnee and marginal 
revenue to grow at the rate of interest imtil they reach, respccUvcly, P* 
and AfP(P*) 

When the price reaches P*, the competitors drop out and the cartel 
takes over the enure market. In this second phase, its margmal revenue 
must conunue to gp-ow at the rate of interest until demand is ehnunated. 
Define the choke pnee (F) as the vcrucal mtercept of the stationary 
demand curve. The marginal revenue b^ns at MR[P*) and grows at the 
rate of interest until it reaches F. We denote the cumulative sales of the 
cartel in the second phase as A(P*) 

The duration of the first phase (5) and the price (P*) at which the 
compeutors drop out are determined by two “exhaustion” equations; 

j* ^( 11 , P*) du - (3) 

<?•(«, P*) du + A(P*) - (4) 

Equation (3) states that P* and S must be chosen so that the compedton 
sell their entire inventory during the first phase; equation (4) states that 
P* and S must be chosen so that the cartel sells its endre inventory during 
the two phases. ^ 

A sufficient condidon for the existence of a noncooperadve equilibrium 
(with nonrandomized strategies) is that the consumer demand curve have 
a point of unit elasdeity (P) and that elasddty along the curve increase 
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.Time 


Fio 1 The cquilibnum price path in the dominant extractor model 


strictly with price The proof is relegated to Appendix A All hncar* or 
concave demand curves and many convex curves satisfy this sufficient 
condition 

Whenever an equilibrium exists, the price path will have the appearance 
as shown in figure 1 As is indicated in the figure, the price begins at some 
level, P'o, grows for S periods at the rate of interest, and then grows more 
gradually for T additional penods until the choke price is reached 

During the entire first phase, pnee and marginal revenue remam in the 
same proportion For this to occur, the elasticity of excess demand (ij**) 
must, in cquilibnum, be the same at each pomt chosen by the cartel If 
the consumer demand curve satisfies the sufficiency condiuon mentioned 
above, the point elasUcity of a gtven excess demand curve increases as the 
pnee nses So the competitive sales must fall as pnee nses in order to shift 
the excess demand curve to the right and restore the elasUcity of excess 
demand to its previous value The elasUcity of aggregate demand (ly**),’ 
that of excess demand multiplied by the cartel’s market share, rises dunng 
the first phase with the cartel’s share * Since the sales of the compeuuve 
fnnge dimmish as the first phase progresses, so does the flow of its dis¬ 
counted profits In contrast, sales and therefore the discounted profit flow 
of the dominant firm may increase dunng the first phase. * 


* E g , in the case of the linear demand curve P = F - a(Q“ + (P), equauon* (1) and 
(2) imply g-(«, />•) = (l/a)(f - /’•)»-'* and (y{u, />•) = (F/fl)(l - «-") Since, in 
this case, compeuuve sales arc independent of the tcrmmauon pnee, (3) umquely 
determines the durauon of the first phase. (4) may then be used to detemune the ter- 
minauon pnee of that phase 

’ Since the cartel always receives a posiuve marginal revenue, it always operates ui 
the elasuc region of the eecni demand curve il laces Howewr, the aggrtgaU demand curve 
may be inelastic early in the first phase A failure to distinguish these two elasuciues has 
led some to infer, merely because eiUmated aggregate demand for oil is inelasuc, that 
OPEC’s pricing pohey u subopumal 

* lo principle, therefore, data about marhet shares of a donunant extractor coul d be 
used to update any previous esumatc of the elasUcity of aggregate demand obtained 
dunng the first phase 

* Since ^ i 0 as {/»/«) (Bs/elp) S 1, the sales of the cartel will mcrcase as the 6nt 

pro^renei unlcsi the ftggrrgatg deixtAtKi curve u very convex^ 
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n. A Comparison of DifPerent Market Structures 

Consider the transition from a competitive world of many small extractors 
to a world where some of these extractors form a collusive cartel which 
dominates the remaining small firms. In figure 2, the equilibrium price 
path (A) prior to the formation of the cartel is portrayed. Price rises from 
Its imtial level (/*<,) at the rate of interest until the world inventory 
(/* + /') is exhausted, then the price remains at the choke level (F) 
Since sellmg a barrel of oil in any period has the same discounted value, 
each firm (including prospective members of the cartel) receives a total 
discounted profit of Pq multiplied by its initial stock. 

If the firms owmng /" barrels decide to collude while the owners of the 
remaimng I‘ barrels continue to act competitively, the equihbnum price 
path changes to that described in the previous section The new path (B) 
nses at the rate of interest during the first phase and at a slower rate dunng 
the second Moreover, since cumulative sales along the new path must 
remain equal to the unchanged world inventory, the two paths must 
cross This can happen only if the new price path begins above Pg 
(at Pg), nses at the rate of interest during its first phase and then crosses 
the competitive path in the second phase as indicated in figure 2 

The formation of the cartel raises the sum of discounted profits of each 
extractor * ® However, the profits of every competitive firm jump by an 
evm larger percentage than those of the cartel. This result anscs here for 
exactly the same reason as in the theory of cartels selling an ordinary 
producible good The competitive firms get the full benefit of the higher 
pnees without themselves having to contort their sales in order to generate 
those pnees 

To verify diagrammatically that the competitors get a “free nde,” note 
that discoimted profits of the competitive sector change from PgV to Pgl^ 
when the cartel forms Profits of the firms which join the cartel, however, 
nse by a smaller percentage since the cartel must sell some of its stock 
dunng the second phase at discounted values below P'g. 

This situation, of course, gives individual members of the cartel an 
incentive to “chisel” or defect promded the others would maintain the 
cartel disciplme For, if only a single member broke ranks, it could earn 
P'g per barrel by selling all its oil before the second phase If, however, its 
chiseling led to the defection of the other members, the price would drop 
to the competitive level (Pq) smd all extractors would be worse off 
Threats of quitting may be used to affect the division of proceeds within 
the cartel. However, members presumably recognize that maintenance 
of the cartel is m their collecUve interest. As Stigler has put it, “a large 

« 

In lUiuUrd wdfisre analyiet of exUacuon, it is shown that only the intertemporsJ 
allocstion associated with the competiuve price path is nueto-^timal. Since the p res e n ce 
of a dominant finn beneSti all eatraeton, eonsumen must be the only losers. 
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Fio 2 —CoRiparuon of price path* under different market rtructuies 

group of free nders will find that the street car won’t run In the case 
of a firm (or cartel) selhng an ordinary producible, another reason for the 
possible loss of a dominant position is that entrepreneurs attracted by the 
profits of the competitive fringe learn how to produce the good and even¬ 
tually enter the industry In the case of an exhaustible resource, however, 
mere knowledge of the extraction technology does not permit entry The 
entrepreneur cannot enter without acquiring an additional amount of the 
resource, an impossibility in a model without new discovenes 

If all the firms were to join the cartel, the monopoly path (C) would 
result Since cumulative sales along this path must equal those along the 
other two, the monopoly path must cut each of the others For this to 
occur. It must begin above the other two (at Pq), cut each of them m the 
first* * phase, and terminate last Pure compcuuon may be regarded as 
one extreme of the donunant extractor model where the cartel owns 
virtually nothing Sinularly, pure monopioly may be viewed as the other 
extreme where the cartel owns virtually everythmg In the former case, 
the entire path consists of a first phase, while in the latter case, the entire 
path consists of a second phase The dominant extractor model is mter- 
mediate between the extremes of pure monopoly and pure compeuuon in 
the sense that, given the sanu world stock, the pnee lies below the high 
monopoly pnee, but above the low competitive one, and, with a dominant 
firm, the fixed world stock is exhausted more rapidly than under mono¬ 
poly, but less quickly than under compeuuon ' ^ 


" See Sugler (1966, p 233) for a ducusuon of cartel* and free ndeis producing an 
inexhausuble flow good 

1 * The price path of the raonopolut cannot cross the path of the dominant Brm in its 
ucand phase For if the two paths touched there, the marginal revenues would then be 
equal And, since both would be growing at the rate of interest, they would remain cquaL 
But this implies that the two pnee paths would have to stick together rather than croa. 

t s If dorruosuit 6rm imtially owned a smaller amount of the 6xed world oil stock. 
It can be shown that the price path would change in a predictable way provided the path 
were uniquely determin^ by the initui stocks The more the competiuve sector owned, 
the lower would be the initial price and the more quickly the world’s oil would be de- 

jdeted. The first phase of each lower path would cut the second phase of each iq?per|*th. 




I088 JOUKNAL OF POLITICIAN SCONOMY 

m. Extensions to the Csse of Increasing Marginal CSosts 

If the marginal cost of extracting at each plant is upward sloping, not only 
does the acquisition of several plants by the cartel provide it with a larger 
stock of oil than any other hnn, but also it enables the cartel to extract at 
the same rate for a lower cost Spiecifically, when the oil stock of the cartel 
IS X tunes that of any other firm, the cartel will be able to produce at X 
tunes the rate of another firm for the same marginal cost That is when 



0'(Q-) 

where C‘{q‘) is the marginal cost of extraction at each of the n competitive 
plants, and (i>'(Q") is the marginal cost of extraction for the cartel 
Prior to the formation of the cartel, each firm acts competitively, taking 
the price path as given and maximizing discounted profits. The optimal 
extraction policy is one where the difference between price and marginal 
cost IS increased at the rate of interest until supplies arc exhausted. Since 
each firm is identical, all extract at the same rate at any instant and earn 
the same overall discounted profit If the firms which will compnse the 
cartel are considered as a group, they optimally extract at X times the 
rate of an individual firm at any instant and exhaust their stocks (which 
arc X times as large) at the same moment * * Pnor to the formation of the 
cartel, the group earns X times the discoimted profits of a typical firm 
Once the cartel forms, the equilibnum* * shifts If the cartel is very large 
relative to any other extractor, it sets the price path for the competitive 
fnnge. In equilibrium, the excess of price over margmal cost at each 
competitive firm must grow at the rate of interest unul supplies at each 
firm are exhausted; tiftcrward, it grows at a smaller rate Similarly, the 
difference between marginal revenue (to the excess demand curve) and 
marginal costs of the cartel must grow at the rate of mterest unul its 
supphes are exhausted As will be shown, the equilibrium will have the 
same basic properties as in the case of constant marginal costs 

First, any equilibrium must again mvoive a coexistence phase followed 
by a phase where the cartel takes over To prove this, note that once cither 
sector operates alone, the other will never wish to sell later. If the com¬ 
petitive firms operate alone, pnee less their marginal cost must rise at the 


The three paths in figure 2 can be considered as special cases from this enure field of price 
paths. Such a transter of the world's oil stock from the cartel to the competitive sector 
tvould actually occur if some members of the cartel defected 

A concise analysis of the case where coinpctitive firms have different initial stocks 
and extraction costs has been conducted by Goldsmith (1974). 

** In contrast to the case iff constant marginal costs, the genersl existence of equilib¬ 
rium has not yet been fimaially established for the case of incresuing marginal carts. 
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rate of interest But then, the marginal profits of the cartel [P -^'(0)] 
will rise at a slower rate, malung it suboptimal for the cartel to have waited 
to sell in the future Similarly, if the cartel operates alone, margmal rev¬ 
enue less marginal cost must rise at the rate of interest But then price less 
the competitor’s marginal cost [P — C'(0)] will grow at a smaller rate,* * 
making it suboptimal for a competitive extractor to have waited to sell in 
the future Therefore, since it is optimal for both sectors to exhaust their 
initial stocks, any equilibrium must involve a coexistence phase followed 
perhaps by the operation of one sector 

Moreover, the competitive extractors cannot be the ones to operate last 
If the competitive firms continued to sell after the cartel dropped out, then 
at the termination of the first phase, the marginal cost of each firm would 
exceed that of the cartel To satisfy the first order conditions, marginal 
revenue less the marginal cost of the cartel would also have to exceed 
price less the marginal cost of each competitive firm at aU pretdous 
moments However, for the margtnal cost of each competitive firm to 
exceed that of the cartel at every previous instant, each competitive ex¬ 
tractor would have to operate at more than \jXth the rate of the cartel 
until the cartel exhausted its supplies—an impiossibility, since each firm 
has only l/JTth the stock of the cartel Thus, in any equilibrium it is the 
cartel which must outlast the competitive extractors 

Second, as m the case of constant marginal costs, the real price of oil 
increases monotonically For this result, it is sufficient that the cost and 
demand functions be stationary For—assuming suuonanty—suppose 
that the real price ever failed to rise between one period and the next 
Then, for price less marginal cost to nse at the rate of interest, the output 
at each competitive firm would have to fall (assuming stationanty of 
costs). Similarly, for the marginal profits of the cartel to nse, its output 
would also have to fall But, if the output of each sector fell, the pnee 
would (assuming stationanty of demand) nse—contradicting the 
assumption 

Third, a comparison of the competitive and dominant extractor equil- 
ibna reveals that—even in this more general case—the formation of the 
cartel raises the discounted profits of each comjsetitive firm by an even 
greater percentage than those of the cartel ' ’’ Each firm imUally cams 
IjXth the profits of the group which forms the cartel When the cartel 
forms, the price path changes The compeutive firms devise a new sales 
path to maximize the value of their output along the new pnee path If 
the new pnee path were fixed, the maximizing strategy for the cartel 
would be to extract in each period X times as much as each compcUUvc 
extractor Given the new price path, this strategy would restore the profits 


• ^ For Ihu propoutioa to be v»Ud, it i» sufficirni to Msume that elasticity of demand 

incieaaea with pnee along ihe demand curve 

*’ The cofre^ionding analysis in a Cournot model of a dominant Btm selling an 
onlmary produoble good may be found in Shubik (1959, pp 134-S5) 
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of the cartel to X timet the profit! of each firm. Of courte, thit strategy it 
infeasible since the price path would not then remain fixed, and to the 
cartel cannot choose this xmconstrained optimum. The profit it gets from 
its optimal choice constramed to generate the new equilibrium price path 
will, therefore, be less than X times that of the typical competitive firm. 
Thus, when the Cartel forms, a disproportionate share of the increase in 
discounted profits goes to the competitive fringe. 


Appendix A 

Eadatence of Equilibrium 

Equilibrium in the dominant firm model occurs when, given the price path of the 
cartel, the competitors cannot make greater discounted profits by selecting a 
different, feasible sales path, and, given the sales path of the competitors, the 
cartel cannot maike greater profits by altering its pnee path Any solution with the 
following five properties is, therefore, an equilibrium for the case of zero marginal 
coito.** 

1. As long as both sectors sell, price and marginal revenue grow at the 
rate of mterest. 

2. After the competitors drop out, marginal revenue continues to grow 
at the rate of interest until the cartel stops selling; it then remains at 
the choke level (F) 

3. After the competitors drop out, price never grows faster than the rate 
of interest 

4. Over the entire horizon, the cumulative sales of each sector exactly 
match Its imtial inventory. 

5. At no intermediate point does the partial sum of sales of either sector 
exceed its initial stock (the requirement for a feasible sales path). 

A condition tulHcieiit for the existence of equilibrium is that the consumer demand 
curve have a point of unit elastiaty (£) and that elasticity of demand increase 
strictly with price 

To prove that this condition is sufficient for the existence of equilibrium given 
arbitrary initial stocks, we show (A) If this condition holds, any solution to 
equations (l)-(4) has the five properues above {B) If this condition holds, there 
will alvaays exist a solution to equations (l)-(4). 

A. By construction, any solution to equations (l}-(4) will possess properties 
1, 2, and 4. Furthermore, the condition mentioned above insures that any solution 
to (l)-(4) will have property 3 It must be shown, however, that any solution to 
(l)-(4) satisfies property 5 if the sufficiency condition holds. This follows smee 
(1 }-(4) implies a nomugattet^ ’ sales path for each sector and each sector ultimately 
exhausts its imtial supplies. 


** These require trivial modification for the case of constant marginal costs 
’ * That C"(«> F*) a 0 follows from equation (2) The proof that F*) a 0 relies 

on the sufficiency condiiuon. Since 




(F) 

^ 9P 


/. „ . ,, 0 “ + I 

for — > 0 only if—^ 


decreases ss F increases This requires that fall monotomcally as the first phase 

progresses. Since Q'fO, F*) ^ 0, compeutive sales must be strictly podtive at each mo> 
ment of the first phase and must decrease at that phase progresses. 
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Cumulative 



B. Next, we ihow that there will always exist a solution to equations (!)-{+) 
provided the suiEaency condition holds Since (1) and (2) can always be solved 
for the sales function of each sector, what is required is a proof that a (P*, S) 
combination always exists satisfying the two exhaustion equations. Since com* 
petitive sales are positive and decrease as the first phase progresses, there exists 
for atty termination price (/**), a unique duration (S) for the first phase satisfyinf 
equation (3) Hence, equation (3) implicilly determines a positive function 
S(P*) 

Substituting S(P*) into (4) converu it to a single equation in one unknown 

//(/>•) = ’(TKi”) dw + AC?*) = ?" (5) 

A solution to this equation always exists since H (/*•) is a continuous function 
equal to zero at the choke price and approaching inJfinity as /*• approaches P (the 
point of zero marginal revenue) from above. Somewhere in between lies a 
termination price solving the exhaustion equations Figure 3 illustrates the 
detcrmmauon of P* 


Appenduc B 

The Donunsuit Extractor Model as a Limitiiig Caae 
of Axymmetric Cournot Oligopoly 

Assume the oil industry to be composed of firms in two sectors extracting « 
zero cost and telling it to consumers at the same price. One ^or con^ts of the 
cartel, which acts in the coordinated manner of a ungle firm 
oligopolists in the second sector is assumed to own an eqi^ fwtion of the sector s 
oil. None, however, owns as much as the cartel (/" > (/ /")] 

*• If O'!* P*) S 0 for •ome lernunaUon pnee, there might exist no dursuon which 
would e^iit the compeuuve slock The same problem m^bt .rae dcompeutive 
IZclT^Uve. decre^ toward zero a. wc moved back fixrdier from lermmaoon of 
the flMt ptaue In either case, the funcuon S{P*) might not exm 
W(F) » 0 since A{F) - Q“(“. f) = 0 


00 since P*) i 


while lim A(P*) 
r*»£ 


00 


Lim H{P*) 

-the eumuUuve sale, am mfinmic along a ,-d. 

is ^ t^oonlmue. forever with the margmal mvenue ■■gmwmg from that posnt at the 
rate of interest 
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Every firm in the oil induitry (including the cartel) ii auumed to take the 
aggregate sales path of the other n firms as given and, taking account of the effects 
of iu oivn sales on price, to devise its optimal, intertemporal sales strategy. The 
price path ti determined by the aggregate sales paths of the n + 1 extractors. The 
characteristics of the optimal strategy for each extractor (including the cartel) are 
that; (1) the marginal revenue rises at the rate of interest until the firm exhausts 
its supphes, and then nses at an equal or smaller rate; and (2) each firm exhausts its 
initial inventory. 

Since the marginal revenue of either type of firm is simply the price it would 
receive for selling an additional unit of oil less the revenue it would lose (because 
of the resultmg slight reduction m price) on the inframarginal units it was sellmg, 
the firm selling the larger number of mframarginal units has the lower marginal 
revenue. 

At the end of the first phase, the marginal revenue of the type of firm which 
drops out will exceed that of the firm selling to the entire market. From the 
marginal conditions, it is clear that this same relationship in marginal revenues 
must hold at any moment of the coexistence phase. This implies that the sales of 
the firm destined to drop out are smaller than the sales of the firm which will take 
over at each moment of the first phase. This, in turn, implies that, in equilibrium, 
the cartel cannot be the first to exhaust its supphes 

For, suppose the cartel dropped out first Then, regardless of the length of the 
first phase, the marginal conditions would imply that cumulative sales of the cartel 
would be smaller than cumulative sales of each smaller firm. But then the exhaus¬ 
tion equations would never be satisfied, since any first phase long enough to 
exhaust the cartel’s supplies would more than exhaust the stock of each smaller 
extractor. Since assuming the cartel is the first to drop out leads to an inconsistency 
between the marginal equations and the exhaustion equations, no equilibrium 
will have this characteristic In any equilibrium the cartel will continue to sell 
after the smaller oligopolists have exhausted their supplies The following 


equations must then hold. 

P(u, F*) = /’[ng"(», P*) + (?"(», F*)), (6) 

= F(u, P*) - ^{u, P*) a[P(u, P*)], (7) 

MR(P*) «-™ = P(B, F*) - Q"!!!, F*) o[F(u,/»*)], (8) 

P 9‘(«, P*) du = -, (9) 

r qr(M, F*) du + A(F*) - (10) 

•'0 


Equation (7) states that the marginal revenue of a representative smaller firm u 
momenta before it exhausts its supplies at P* is equal to its discounted marginal 
revenue at termination. Equation (8) states that, u moments prior to termination 
of the first phase, the marginal revenue of the cartel will equal the discounted 
value of Its marginal revenue when the n smaller firms depart. 

The new system (6)-(10) is very similar to the model (])-(4) studied in sections 
1 and 11. Except for notation, the only difference it between (1) and (7). The 
smaller firms no longer drive the current price down as far at the discounted value 
of the terminaUon price because they consider the losses on their mframarginal 
units. Hence, price nses at less than the rate of mterest during tlie first phase of 
the ohgopoly model. 
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Am the number of firmi (n) dividing the noncartel oil stock grow*, however, the 
tale* of an mdividual firm at each moment of the first phase become n^ligible. 
If the slope of the demand curve is bounded, the last term of equation (7) vanishes 
in the limit and our system (6)-(10) converges*^ to (l)-(4) Thus, the price taking 
behavior of the competitive fringe emerges as the limitmg case of the Cournot 
oligopoly model 
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ss For the case of the linear demand curve of n 6, eqq (6)-(]0) imply that 


and 


«?'{“. P*) 


nF(l - e-") 
a{n + 2) 


<?"(«, P*) 


F + n{F - P*)e~" - (2P* - F)e~' 
fl(n + 2) 


As n -» 00, these sales functions converge to those obtamed in the dominant firm case of 
ti 6 
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The Effect of Broadcasting on Political 
Campaign Spending: 

An Empirical Investigation 

Burton A. Abrams and Russell F Settle 

Unutriitf tj Dtlaumt 


With enactment of the Federal Elccuon Campaign Act of 1971 and the 
amendments of 1974, Congress moved to resolve, at least partially, the 
perenmal “problem” of escalating campaign spending by federal candi¬ 
dates The extent of the problem is suggested by the facts on presidential 
campaign spending presented in table 1 While there has been long-term 
growth in reported nauonal-level spending on presidential elecnons (the 
atmual growth rate over the 1868-1972 period was about 5 percent), the 
rapid cscalaUon in campaign cxfxrnditurcs is a relatively recent phenom¬ 
enon. Between 1948 and 1972, reported spending grew at an annual 
compound rate of approximately 10 percent, or, in real terms, at about 
7-8 percent Even allowing for increases in the size of the voting-age 
population (see ublc 1), prcsidcnual campaign spendmg has grown 
sutetantially over the past several elections 

What explains this dramaUc growth in campaign spending’ A wrfely 
accepted explanation is that increased reliance on radio and television 
advertising has produced an “arms race” in pohucal campaign spending. 
For example, as early as 1952—the very first year that television played 
a significant role in pohucal campaigns—television was blamed for 
■umulating “excessive” campaign expenditures ' This behef that in- 


We are indebted to Sngier and to ref<^ 

UK&l tugBettiom Of course, the mual caveat applies. The order in wbidi die authon 
naiaet appear was delemuncd by a random selectiOT pro<». " 

* See,^|| ."Houae toTest Campaign Spending- ?aititiCaUTV BaneafLumtatuma, 

Htm Ymi Tkm (December 1,1952) 
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TAB13 1 


PunouriML GmttAt. Buoncm Camtaioh ExFUomntu (m Douam), 186S-1972 


Ysar 

BxnunuTuasf av Paxty 

Repubhean Democratic 

ExraMDrruaas 
raa Adult 

1868 . 

150,000 

80,000 

0.01 

1872 . 

250,000 

50,000 

0.01 

1876 . 

950,000 

900,000 

0.08 

1880 ... 

. . 1,100,000 

360,000 

0.06 

1884 . 

1,300,000 

1,400,000 

0.09 

1888 . 

... 1,350,000 

860,000 

0.07 

1892 . 

1,700,000 

2,350,000 

0.11 

1896 . 

3,350,000 

680,000 

O.IO 

1900 .. 

3,000,000 

430,000 

0.08 

1904 . . . 

2,100,000 

700,000 

0.06 

1908 . . 

1,660,000 

630,000 

0.04 

1912 

1,070,000 

1,130,000 

0.04 

1916 

2,440,000 

2,280,000 

008 

1920 .. . 

5,420,000 

1,470,000 

0 11 

1924 

4,020,000 

1,110,000 

0 10 

1928 . . 

6,260,000 

5,340,000 

0.16 

1932 

2,900,000 

2,250,000 

0.07 

1936 

. 8,890,000 

5,190,000 

0.17 

1940 

3.450,000 

2,780,000 

0.07 

1944 

2,830,000 

2.170,000 

006 

1948 

2,130,000 

2,740.000 

0 05 

1952 . 

6,610,000 

5,030,000 

0.12 

1956 .... 

7,780,000 

5,110,000 

0.12 

1960 

10,130,000 

9,800.000 

0.18 

1964 

16,030,000 

8,760,000 

0 22 

1968 

.. 25,400,000 

11,600,000 

0 31 

1972 . . 

35,180,000 

18,480,000 

0.38 


Souiics^l66B-]908i Atw—wfar (1972. p 6). 1972. Commlttw go Ckwnniercc (1979, p 922) 

Non.—Exponditum on np or u d muoaxl'icvel fpeaduif oo pratideotUl Bcnenl dectiont la currcst 
prioeft. Far capita axpcDditarea wcra computed by dividuif vatiap-ave population lato total preiidantlal 
campatfn aapeaditurai by both partica. 


creased reliance on the broadcast media heightened the level of total 
campaign spending received influential support from Heard’s authorita* 
tive study, The Costs of Democrat (1960, p. 403). "Radio and television 
broadcasting by national>levcl campaign groups not only further dis¬ 
placed other media of pubhcity but had the asUttumal offset of vureasvig 
total costs'’ (emphasis added). 

Further support for this view came from the Committee for Economic 
Development (1968). In a study of election-financing reform, the com¬ 
mittee (p. 16) found that "there are several legitimate reasons for the 
continuing escalation of campaign costs. Pnmary among these are 
increased reliance on radio and television, growing use of advertising 
and public relations services, outlays for travel, and rising prices in all 
these fields.” A Ralph Nader Congress Project (Green et aL 1972, p. 9) 
was even more selective in placing the blame for higher election costs: 
"M<h« than any other fisctor, television Mras the cause.” Finally, Alexander 
(1972, p. 12} alleged that “television, jet travel, and polUng are some of 
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the obvious nasons that campaign cost* have increased dramadcaUy in 
recent years” (emphasis added). 

In light of such claims, it is not surprising that the Federal Elccuon 
Campiaign Act (Pubhc Law 92-225) attempted to restrain campaign 
spending by limiting the amount that federal candidates could spend on 
c^paign advertising, especially broadcast advertismg.* The 1971 act 
limited expenditures on such advertising forms as radio, television, cable 
television, newspapiers, magazmes, outdoor advertising, and automated 
telephone systems to 10 cents per voting-age person m the election area 
and, in addition, restricted spending on radio and television advertising 
to not more than 60 percent of the total allowable advertising expendi¬ 
tures. Moreover, the broadcast and the print media were prohibited 
from charging candidates more than the lowest umt-rate charges for 
commercial advertising Such provisions as these suggest that Congress 
sdso blames the mass media—especially radio and television—for 
fostenng “undesirable” mcreases m campaign spending 

In 1974 Congress went even further in its efforts to curb fede^ 
campsugn spendmg and the various abuses of the democratic process that 
such spendmg has ostensibly fostered In amendments (^bhe Law 
93-443) to the 1971 Campaign Act, Congress removed the ceiling on 
broadcasting expenditures but imposed a number of other ceilings on 
federal election campaign expenditures and on mdividuab’ contributions 
to federal candidates However, m January 1976 the Supreme Court 
held that many of the expenditure and contributions limitations estab¬ 
lished by the 1974 amendments were unconstitutional ^ 

While the argument that radio and television advertising stimulates 
excessive campaign spending enjoys a wide and long-standing acceptance, 
It is nevertheless quesUonable on both theoretic and empirical grounds. 
In pnnciple, the inteijcction of broadcasUng mto pohucal campaigns 
has an indeterminate effect on total campaign spending The mtroduction 

^ Some eleefeed officisls no doubt support campaign spending iimitatioos on the grounds 
that such restriction arc likely to make it more difficult in future c a mp aigns for relatively 
unknown but well-financed opponents to get their "message" across to the voters. 
Additionally, spending Umitationi serve to burden the entrance of new parties into the 
political ATOUI 

* To ittustrate, candidates for Senate and House seats are—as a remit of the Court's 
niUng—oo kx^ subject to any spending limits Presidential candidates who do not 
accept federal funds are also free to spend as much as they can raise. For prcBdential 
candidates who do accept siKh funds, the m a simum allowable expenditure r em ai n * at 
$10 ■"■111"" for the pnmanes and $20 million for the general electtaa. The Court also 
u pheld the pruvmOQ limiting individual contntuuosa to not most than $1,000 to any 
one candidato ($2,000 if both a primary and a general elecuoo are involved), although 
to all candidates may total to $2&,000 How ctct, in dividuals may, under 
the Court’s rulmi, spend any amount m "independent" efforts to elect or d ^t a 
candidate. For a complete ducussioo of the Court's deosioo, see “High Court 
P ..KU,. fo- FJeenon Races. Removes Most Limits on Spending. Nm 

York Timu autmiy 31, 1976). 
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of ntdio and televiiion adverdnog npmented technological advance* 
in campaigning and, thu>, produced a r ea lloca t io n of catn^wgn budget* 
to accommodate the purchaM of broadcast advertiiement*. However, the 
effect of such technical change on the hod of nsunpaign spending is less 
clear, depending on potentially complex game-strat^ic rc^nses and 
counterresponses by each candidate. To illustrate this theoretic indeter- 
nunacy, independent efforts by candidates to increase their share of the 
vote could escalate spendmg in response to the introduction of broad¬ 
casting, while collusive agreements among candidates to avoid “unprofit¬ 
able” undertakings could reduce total campaign costs when technical 
change lowers unit (per vote) cost.^ This “small-numbers” indeterminacy 
in “political markets” is similar, of course, to the well-known ambiguities 
associated with oligopolistic markets.^ Since there is no satufactory a 
priori basis for predicting even the direction of broadcasting’s effect on 
political campaign spending, the issue must be resolved empirically 
Previous studies (noted above) have done httle more than demonstrate 
that over the past several decades campaign expenditures have grown 
pan passu with candidates' reliance on radio suid television advertising. 
These investigations—relymg on simple correlauons—clearly neglect the 
possibUity that, in addioon to broadcasung, several other factors may 
have influenced the level of campaign spending. For example, growth in 
the sue of the voting-age population, increases in the level of national 
income, or expansion in the opportumues for providing “legislative 
profits” as a quid pro quo for contributions could all heighten political 
campaign spending. In the present paper, we investigate the alleged 
relationship between radio and television usage and the level of campiaign 
spending within a multivanate context that allows us to control for such 
nonbroadcasting influences. 


Estimates of BroadesMting’s Impact on Campaign Expenditures 

In testing the widely accepted hypothesis that radio and television are 
responsible for much of the growth in pohtical campaign expenditures 
over the last several decades, we estimated a number of models by ordinary 


* Of course, these outcomes are merely iOustrmtive and do not rule out other possi¬ 
bilities E.g , the introduction of broadcasting may lower unit (per vote) costs sufficiently 
to offiet the expansionary influence of independently acting candidates attempting to 
maintain or increase their share of the votes. Additionally, the ptesence of broadcasung, 
which fiscilitates the transmisdon of InfOTmation to voters, increases the likeli h ood that a 
candidate’s support for specul-mterest grot^M will be revealed to voters, e.g., by an 
opposing candidate, thereby raitittg the cost to the c a nd i d a t e of supporting such groups. 
Tl^ effect could serve to attenuate the eapansionary bias of mslntenanoeho^market-share 
eapendtturci. Interestingly, expenditures diat serve simply to maiwtain oArket, or vote, 
share are aooally wsHteful in an economic efficiency sense; however, if such expenditures 
also stifflulate voter interest and awarenesa and increase voter turnout, it is no loager 
quite so obvious in a democracy that them outlays are “wasteful.** 

* For further elaboration see, for instance, Scherer (1970). 
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least iquara wth Ume-»enes dau on presidential general-election 
CinpAlgns. n t IS section we discuss the various determinants of cam- 
paign spending and explain the operational forms of the variables used 
in quantifying the influence of broadcastmg on total campaign expen¬ 
ditures. We then turn to a disciusicm of the empirical findings While we 
make no pretense to having a fully specified empirical model, we do 
believe that our estimates have allowed us to learn something useful about 
the quanbtative significance of the broadcast media for pohtical cam¬ 
paign spending We conclude with some comments on the implications 
of our findmgs for pubhc policy toward campaign spending, especially 
spending on the broadcast media 


A. The VanahUs 

PresuUntud campaign spending —For the dependent variable, presidential 
campaign expenditures by party, we relied on reported national-lcvd 
committee spending on presidential general-election campaigns m 
constant 1957 dollars* (Alexander 1972, Committee on Commerce 1973, 
n. 322). While there are some difficulties with this variable (e g , reported 
soending allegedly understates actual spendmg), we accepted it as a 
rSsonably good, and certainly the best avadablc, proxy for actual 
campaign expenditures For each election year there are two 
for this spending variable, one for each party’s national commitim. 

Radio Sf Ulemum -As noted above, conventional wisdom informs w 
that as radio and then televu.on became more and more conimonpla« 
m the homes of potential voters, candidates 

..mnhasis on broadcast campaigning, thereby touching off an arms race 
th- broadcast media, we measured radio usage as the proporuon oi 

SriStuh and tresis 

campaign spending increased pan alternative measure 

w. al« ».a, >'»7 «f 

of the influence of broadcast usag. (lelevnion) 

. fV .dn*-. P~ 0.0.. «. and conn.. a«--f 

Me Haud (I960) fcr fiirtlier dueuwor 
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(posttelevision) periods. Since the parameter estimates were not sensitive 
to the particular measure of broadcast usage employed, we report (in the 
next section) only the estimates based on continuous measures of broad¬ 
cast usage. 

Income. —In addition to broadcast usage, a potentially important 
determinant of campaign contributions and, thus, spending is con¬ 
tributors’ income Assuming campaign contributions to be a “normal” 
good, we would expect secular increases in contributions and spending 
as real income grows, cetens paribus As a measure of real national income, 
we used GNP in 1957 prices (U.S. Bureau of the Census, various issues 
and 1966) 

Voting-age population —Another potentially important nonbroadcasting 
determmant of campaign spending is the sire of the voting-age population, 
although on a priori grounds, the effect of a cetens panbus increase in the 
siae of the voting-age population on campaign contributions and expen¬ 
ditures IS indetcrrrunate On the one hand, many contributions are 
probably made out of a sense of “good citizenship,” implying that an 
increase in the number of potential voters will tend to increase total 
contributions as the new prospective voters strive to be good citizens. On 
the other hand, as Tullock (1967, p. 110) notes, population growth 
dimimshes the potential influence of any one voter (contributor), thereby 
discouraging voting (contribuUng) (U S Bureau of the Census, various 
issues and 1960) 

Federal spending —The volume of campaign contributions and, therefore, 
spending also dcpiends on the magmtude of the “legislative profits” that 
contributors stand to gain (e g , if their candidate wins) Consequently, 
changes over time in the availability of opportunities for providing 
legislative profits to contnbutors would yield changes in the level of 
contribuuons and spending As government involvement in economic 
affairs has become more extensive, additional legislative profits have 
presumably become available, especially to organized spiecial-interest 
groups capable of lobbying for their pcwitions and backing their efforts 
with substantial campaign contribuuons As a control for the availability 
of legislative profits, wc employed federal government expenditures in 
constant 1957 dollars* (U S Bureau of the Census 1960, Council of 
Economic Advisors 1974) We assume that this vanable provides a rough 
indicator of the extent of governmental involvement in, and influence 
over, the economy, and thus of the opportuniUes for rewarding campaign 
contributions A piositive sign is anticipated for the coefficient of this 
variable 

Party affUiation —^Throughout the analysis we controlled for party 

>• 

* To account for the pombiUty that legislative profits have grown more rapidly than 
federal spending, we alio expenmented with the square of federal spending as a proxy 
tor legi^uve transfonnauon did not, however, enhance the explanatory 

power at our estimaflng equations. 
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affiliation with a dichotomoiu variable indicating whether a candidate 
was a Repubhcan or a Democrat.’ We accepted this variable as a useful 
proxy for some of the nonbroadcasting determinants of political campaign 
spending Republican candidates, for example, are commonly viewed as 
“pro-business” while Democrats are frequently seen as “pro-labor," and 
such distinctions—whether actual or imagined—could well affect the 
level of contributions and spending 

Voter parltctpalton rate —We also included the voter participation rate 
as a control for several nonbroadcasting determinants of campaign 
spending (U.S Bureau of the Census, various issues and 1960) To 
illustrate the pertinence of this variable, in any one election a charismatic 
candidate or a closely contested race can heighten voter interest, which 
presumably manifests itself as increased voter turnout and campaign 
contnbutions (and, thus, campaign spiending) In addition, secular growth 
in the avadability of legislative profits or perhaps in the public’s edu¬ 
cational-attainment level may heighten voter interest, thereby stimulating 
both larger voter turnouts and greater campaign contributing and 
spending Inclusion of the participauon rate in the estimating equations 
allows us to control at least partially for such nonbroadcasting influences 
on the level of political campaign spending ‘' A positive sign on the 
coefficient of this variable is anticipated 

Admittedly, there may be reciprocal causaUon between voter interest 
(proxied by the participation rate) and campaign spending. The greater 
the voters’ interest in an election, the more they are likely to contribute, 
and thus the higher will be spending However, the greater the expen¬ 
ditures on campaigning, the greater will be voter interest—assuming that 
campaign spending is “productive ” Consequently, there b likely to be 
some simultaneity bias in our OLS estimates An additional possible 
complication is that the introduction and usage of broadcasting may be 
largely responsible for the higher levels of voter interest, which, in turn, 
generate more contnbutions and spending ' ^ 


® Recall that each election provides two observations—one for each party. 

*“ In fact, the participation rate m presidential clecuons has grown over tune To 
illustrate, in the 1920s the average participauon rate m presidential eleebons was about 
47 percent, while in the 1960s the average turnout rate was around 62 percent. See 
Tullock (1967, p 108) for a more detailed discussion of the detemunants of parucipatioa 
rates 

‘ ‘ The participation rate is defined here as the number of voles cast divided by die 
voting-age population Since women were prohibited from vobng prior to 1920, an 
adjustment had to be made to those rates to make them comparable with past'1%0 
rates The participation rate averaged 0 12 higher in 1924 and 1928 than in the 1916 
election We therefore added 0 12 to pre-I92Q rates in order to achieve reasonable 
comparability for the full penod 

' ’ VoUng is one way of expressing one’s interest in an election; contnbutmg to one’s 
favorite candidate(s) is another To the extent that broadcast advertising gcnciatai 
campaign spending increases via this source, it is by no means dear why we (or CongieB) 
shoidd be concerned Presumably, enhanced voter awareness and participatiaa (induding 
contnbutmg behavior) is a desirable outcome in a democracy 
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Vou d^ffertnet.—ThK difference bet%w*!n the winning and die lodng 
candidate’s percentage share of the total vote—on ex post measure of the 
closeness of die race—also serves to control for nonbroadcaatu^ influences 
on campaign expenditures*^ (U.S. Bureau of the Census, various issues). 
On the one hand, the closer potential votersKxmtributors perceive a race 
to be, c«tms paribus, the greater the likelihood they will see their votes and 
contribudons as making a difference to the outcome. Consequendy, 
closely fought contests may prove to be reladvely expensive. On the other 
hand, campaigns in which one candidate appears to have a significant 
lead may (a) create a “bandwagon” effoct that increases contributions to, 
and spending by, the leading candidate, and (b) encoun^ additional 
donadons to, and spending by, the “underdog” in an effort to overtake 
the leader. Consequendy, we have no prior expectations regarding the 
sign of this variable's coefficient.** 

As with the participation-rate variable, there may be some reciprocal 
causation between the vote difference and campaign spending. An 
increase in (expected) vote difference could, for example, stimulate 
additional contributions to the leadmg candidate; however, additional 
donations to, and expenditures by, the leading candidate may, of course, 
widen the lead. 

Other determinants .—In addition to the above-mentioned determinants, 
we experimented with a number of other vanablcs that seemed on a 
priori grounds to be relevant but in practice had virtually no effect on 
either the explanatory power of the various estimating equaoons or the 
estimated coefficients of the other variables in the equations These 
variables, which we consequently omitted from the estimating equations, 
include (1) the level of opposition spendmg,*^ (2) a binary variable for 
incumbency, and (3) a binary variable indicating whether a “major” 
third-party candidate was runrang for the presidency.** 

> 1 Thu vanaUe was constructed from the vote shares of the major parues only 

'''The ambiguity of the sign is imphcit, e.g , in Plattner’i statement (1974, p. 121) 
that “closer races tend to involve higher expenditures than more onesided ones, a 
reversal of the causal relationship that u convenuonally said to hold in thu matter: It 
u not that amchdaUs wm ttanui thtf ram mart immejr, to much at that they m abU to ram more 
mmry btcausi they an a good bet ta ima.’* 

The level of opposition spending would seem to have the potential lor influencing 
the volume of contributions to any one candidate. Campaign spending, in part, serves 
the same fiincUon as many advertising expenditures, i e , maintenance of “market 
share " Cetera panbus, an increase m contributions to a candidate might enhance hu 
prospects (and those of hu contnbutors) at the expense of hu opponent. In turn, the 
contributors to the opponent may find it profitable to increase their contnbutioru so that 
be can at least recover hu uutial market share. Thu duopoly situation could conceivably 
produce an CMalatitm of campaign spending (cdbtributlons) with httle or no effect on 
the candidates* respective market shares. Thus, a candidate’s expenditures may well 
depend on the level of hu opponent’s sjsending. However, empiric^y this vanaUe had 
virtually no effect on the regresnon results. 

** “Mgior” third-party candidates ran in 1892 (Weaver), 1912 (Roosevelt), 1924 
(La FeUette), 1948 (Thurmond), and 1968 (Wallace) when the combmed share of the 
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The price of radio and televinon advertisements relative to other 
campaign techniques is also a potentially important determinant not 
only of broadcast-related campaign expenditures but also of total cam¬ 
paign expenditures. Unfortunately, measures of this relative price are 
not available, so this variable was excluded from the estimating 
equations *■'’ 


B. TTie Findings 

This section presents quantitative evidence that bears on the widely 
accepted proposition that the mtroduction of radio and then television 
occasioned substantial—even dramatic—increases m political campaign 
spending, perhaps most notably in presidential elections In attempt'* g 
to quantify the relationship between broadcast usage and campaign 
spending, we estimated a number of alternative models with data on 
presidential election campaigns from 1868 through 1972, excepting the 
1944 war-year campaign as unrepresentative. 

The regression results for seversd models in the linear form Tl = 
Cq + are reported in table 2 A remarkable aspect 

of these findings is that the estimated coefficients of the broadcast usage 
variables arc always negative and, with few exceptions, statistically 
sigmficant. In striking contrast to the findings of simple correlation 
studies, these results—based on multivariate methods—suggest that the 
availability and usage of the broadcast media actually moderated the 
secular growth in presidential campaign sjiending' Perhaps over time, 
broadcast advertising—with its substantial “public good” characteristics— 
has tended to displace relatively more costly campaign techmques (c.g., 
direct mailings, piersonal appearances), thereby moderating the growth 
in campaign expenditures The estimates rcpiorted m table 2 suggest 
that the attenuation effect of broadetut advertising on presidential 
campaign spending is considerable, approachmg $25 million (1957 


total vote going to the Democrauc and the Republican candidates was 89 0, 65.1, 82JB, 
94 7, and 86 I percent, respecuvely (Congressional Quarterly Service, Inc. 1969, p. 122). 
The “third-party" binary, which took on a value of unity for these 5 yean and aen> 
otherwise, had virtually no effect on the regression results 

See Backman (1%7), eg, for addiUonal discusuon regarding the limited avail- 
abihty of timeienes data in this area 

We also experimented with alternative functional fonns of the esti m ating eqiiaUam, 
mcluding a model m which all variables (exceptmg the paity-affiliatwm dummy) wcr 
expressed in loganthms and a model m whieh only total campaign spendmg—the 
dependent variable—^wu exprened m logarithmic fom (to account for die penhahle 
underteporung of expenditures) Tbe esumates provided by these alternative fisuctsonal 
forms were quahtauvely identical to those of tte simple linear model, lo we repott in 
the text only the results for the simple linear specification. 
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TABLS 2 


PitBUDimtAL Gamfaiqn Smmdimo Equatiom, 1868-1972 




Mobbl 


I 

11 

III 

IV 

Constant 

-34.89 

-35.00 

-34.37 

-2911 

TV use . 

-8.85 

-10.95 

-11.60 

-13.11 


(1.74) 

(2 14) 

(2.56) 

(2.84) 

Radio use 

-17.08 

-14.93 

-14.27 

-IS 12 


(3 63) 

(3.18) 

(3.5S) 

(3.17) 

Participation rate 

65.60 

71.59 

71 40 

61.80 

(3.53) 

(3 80) 

(3 83) 

(3.31) 

Vote difference . . 

8.84 

11.58 

12 55 



(126) 

(164) 

(2 05) 


Federal spending .. . 

0.19 


, 


(1.90) 




Votin^age population 

0 22 

0 02 



(173) 

(0.29) 



Real GNP . . 

-0 03 

004 

0.04 

0.05 


(0.81) 

(2 81) 

(4 40) 

(4.72) 

Party afiiliauon . .. 

3 41 

3 41 

3.41 

341 

(3.62) 

(3.52) 

(3.56) 

(3 44) 


.71 

69 

.68 

66 


Noth — Abadute vahie i<«utiMiea la pfeaAwf Qbme* denote that variable dtd not enter that aanicular 
awdcl The depaAdeat variable u reported naiKmal4evd campaifa ipcndint on preeldeniia) genrieJ electkea 
ta nMlUeoi of 1957 doUaia, radio uao m pacentage of boueeh^dr with radke, TV uie • prrreniafe of 
houaeboldt with lelevteiou} participation rate » perceataffe of the votiaf*«w population caatiaf vot«> vote 
diflercaee m the dl^Rerenoe in the pereentace of the vote received bv the ivinniitf and the laaiag candidaica 
la the imeral election, federal mndlaff • the federal foverntnetirf outlayi in bUlione of 1957 doUara, and 
party amliatioa • 1 if a It^blicaa caadidate, 0 if Democratic 


dollars) per candidate m recent elections * ’ Notably, the attenuation 
estimates are rather insensitive to changes in model specification (see 
table 2), allowing us to dismiss the pouibibty that our findings arose 
merely from a fortuitous combination of explanatory variables. 

If the broadcast media are not responsible for the recent growth in 
political campaign spending, what then is the source of this growth^ 
Our findings offer some useful quantitative evidence with regard to this 
question also 

First, the coefficient of the partiapauon rate is posiuve, as expected, 
and consistently significant. Since the participation rate (and, presumably 
underlying that, voter interest) in presidential elections has increased 

** If broadcast campaigning has affected any of the other expUnatory variables, these 
attenuation estunatei will be biased to some extent. E.g., political broadcast adverbtiiig 
may have contributed to a rise in the paructpation rate—a variable posittvely correlated 
with canqiaign ^lending. However, even if we aMume that broadcasting is tcqwnsible 
for the entire increase in the participatiosi rate between Che 192(ki and the 1970s, the 
attenuatkm estimates are reduced by only >9,9 millian to S10.7 mill iosi> per catxlidate, 
or by about 40 pe rc e n t on average. Even under this extreme assumption, the net impact 
of broadcasting on presidential campaign spending remains stron^y negative. 
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over the past several decades, some of the growth in campaign spending 
is no doubt traceable to this source.^** 

Second, the positive and sigmficant coefficient of the federal spending 
variable—a proxy for availability of legislative profits—vindicates that, as 
expected, growing governmental involvement m the economy stimulates 
campaign contributions and, thus, campaign spending. Thus, the rapid 
expansion in recent years in the federal government’s role in the 
economy appears to underlie much of the growth m political campaign 
expenditures. 

In addiUon, growth in real income and expansion in the size of the 
voting-age population have likely increased campaign giving and, 
therefore, spending. The regressions reveal that both of these variables 
(real GNP and voting-age population) generally have a significant 
positive influence on total campaign expenditures. 

Finally, the positive coefficient of the vote difference variable suggests 
that one-sided contests tend, ceUmpanbus, to be relatively costly. However, 
thu observation must be tempered by the fact that vote diflerence is 
statistically sigmficant in only one of three models. 


Summary and Policy Implicationa 

The multivariate analysis in this paper casts considerable doubt on the 
generally accepted hypothesis that a new campaign technique such as 
broadcast advertising, or the “ ‘push’ of modcrmty,” as one observer 
(Heidenheimer 1970, p 5) labels it, intensifies the level of poliucal 
campaign spending Subject to the qualificaUons noted above,** our 
estimates support the alternative propiosiuon, namely, that broadcast 
usage has mitigated the secular growth in campaign spending. 

These findings suggest, for example, that the Federal Election Cam¬ 
paign Act of 1971, which limited expenditures on broadcast advertising, 
may well have yielded negligible—if not perverse—results. If broadcast 


See n 10 above for an lUuitrabon of the extent to which participation rales have 
changed over time 

'' To reiteiate some of the quabficabons First, the study relies on r e po r ted national- 
level committee spending If the accuracy of reporting has vaned over tune due to 
changes in campaign spending laws and/or their enforcement, our results may be 
distorted Second, some of the independent variables may be structurally related. 
television and radio may have increased the paruapaUon rate, and, as a remit, some 
part of the posiuve influence on campaign tptmding attnhuied to the pamcipalion rate 
may be due to the broadcast media Furtbermote, increased competition hr pohtieBl 
ofiice induced by radio and television usage mi^t have stimulated candidates to geneiaie 
addiuonal legislative profits for the purpose of sqcunng still greater contributions. While 
we lecognise such shortconungi in the analysis, we nevertheless believe that ^ yields 
useful quantitative information about the effect of the broadcast media on iMlitiGal 
campaign spending 
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uaAg« has, in foct, moderated the growth in campa^ spending, restric¬ 
tions on radio and television adv«*tising expenditures ean be expected 
to heighten campaign spending. Nkhob (1974, p. 14fi) has noted that 
"the limits in the Act did not pnvmt 1972 Presidential campaign expen¬ 
ditures from setting a new record’* (emphasis added). Accordmg to our 
estimates, this “new record” is not surpnaing and may have been, in part, 
cmtstd by the 1971 legislation. As a response to the Supreme Ckiurt ruling 
on the Campaign Act (as amended), a reimposition of the limitations on 
media expenditures by federal candidates is easily conceivable; however, 
in the interest of holding down the level of campaign spending, such a 
congressional reaction appears ill-advised in light of our findings. 

The 1974 amendments to the Federal Election Campaign Act attempted 
to limit total campaign spending itself. However, imposing a ceiling on 
total campaign expenditures seems analogous to “freezing” prices to stop 
an inflation The price freeze fails to remove the underlying causes of the 
inflaUon and, consequendy, makes black-market activities attractively 
profitable. A ceiling on total campaign spending could very well occasion 
greater in-kind contributions of such things as labor services Moreover, 
it may also lead to increasing amounts of illegal “donations” by those 
seeking legisladve profits—for instance, coverdy given personal gifls, or 
promises of future favors (c g., jobs for relatives and friends) ** 

Some of our estimates suggest that increases in the availability of 
legislative revenues, generated by growing government involvement in 
economic affairs, are to some extent responsible for the growth in cam¬ 
paign contnbudons and expenditures. If so, the continuing expansion of 
governmental control over economic activity can be expected to further 
increase “donations" (whether legal or illegal) designed to capture 
legislative profits for the contributors 
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Advertising, Concentration, and 
Price-Cost Margins 

Allyn D Strickland and Leonard W Weiss 
Umvernfy of Wtscomm, Maduon 


The industrial organization literature contains many empirical tests of 
hypothesized relationships among elements of industry structure and 
performance Most of these studies used ordmary least-squares regression 
to estimate single-equation relationships This approach is mcorrect if 
the relationship being estimated is part of a simultaneous-equations 
system This paper treats three important relationships m industrial 
organization as a single simultaneous-equations system. The results are 
consistent with those obtained from single-equation models and suggest 
that simultaneous-equations bias is not an important factor in the 
estimation of structure-performance relationships 

The Model 

The Need for a Simultaneous-Equations Model 

Our original purpose was to estimate the concentration-advertising 
relationship In a previous article one of us (Weiss 1971) proposed that 
this relationship be examined on a simultaneous-equations basis The 
Dorfman-Stciner model (Dorfman and Steiner 1954) indicated that the 
optimal level of advertising expenditure for a firm would be where 
the marginal revenue product of advertising equaled the absolute value of 
the elasticity of demand for the firm’s product Since the pnee elasticity 
of the demand curve faced by a firm is lower in more concentrated 
industnes, advertising intensity might be expected to increase vnth 
concentration This effect might be reenforced to the extent that there 
are externalities in advertising That is, if advertismg affects industry as 
well as firm demand, firms with large market shares would internalize 
a larger proportion of those industry effects 

At the same time, there is likely to be feedback from advertising to 
concentration through the probable economies of scale in advertising—at 
least for heavily advertised national brands This suggests that a correct 

[Jownu/ of Pobtudd Economy, 1976t vol 84, no 5] 

O 1976 by The Umvenity of Chicago AU rights r e s erved 

1109 



I no 


JOUXNAL OF POUTXGAL BOONOKY 


specification of the relationship would be a pair of simultaneous equations 
of the form 


S 

C 



( 1 ) 


where Ad is advertising expense, S is value of shipments, C is concentration, 
CD is consumer demand, and MES is minimum efficient scale 

A number of more recent analyses have also called for simultaneous- 
equations models Greer (1971) estimated a three-equation model where 
AdjS, C, and growth were endogenous Three others (Cable 1972; 
Schmalensee 1972; Commanor and Wilson 1974) argue for a two- 
equation model where AdjS and the price-cost margin are endogenous 
The argument is best expressed by Schmalensee, who concludes that 
optimal advertising intensity is 


dff 

i' 



(a 4- 1 /-J), 


where P is price, MC is marginal production costs, a and d arc elasticities 
of a firm’s sales with respicct to its own advertising and that of its rivals, 
respectively, and t) is the elasticity of its rivals’ advertising with respect 
to Its own It follows that advertising will be more intense the higher the 
margin firms will advertise more the more that an additional unit sold 
adds to profits 

Accepting this argpiment leads us to a three-equation model where 
AdjS, C, and margin are endogenous, since there is ample theoretical basis 
for expiecting both concentration and advertising to affect margins Our 
model will therefore take the form 





where M is the price-cost mai^in and X is one or more exogenous 
variables that affect M but not AdjS or C. Good candidates for X are 
growth and capital intensity. 
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The Dettrmmmts of Advertising Intensity 

Following Greer (1971) and Cable (1972), we expect the effect of con¬ 
centration on advertising to take the form of an inverted U Advertising 
IS expected to increase with concentration at first for the reasons given 
above but to decrease at very high levels of concentration because 
collusion to avoid mutually offsetting advertising becomes easier (Greer 
1971) or merely because a pure monopolist would avoid all such mutually 
offsetting advertising (Cable 1972) This argument implies that the 
advertising equation should contain both C and C^, with a positive sign 
expected for the coefficient of C and a negative sign for that of 

Following the arguments of Cable (1972), Schmalensee (1972), and 
Commanor and Wilson (1974), we also mclude pnce-cost margin (Af) m 
the advertising equation, expiecting its coefficient to bear a positive sign. 

Finally, we include a number of variables intended to reflect advertising 
effectiveness The most important is surely the share of total sales going 
to consumers (CDjS) We expect it to have a piositive effect because 
consumer goods appear to be more differentiable than producer goods 
and because advertising is probably the more effective way of reaching 
millions of consumers while salesmen may be a more effecuve way to 
reach the typically far fewer industrial buyers To control further for 
product differentiability, we will introduce gp'owth (followmg Cable, 
Greer, and Commanor and Wilson) and a durability dummy (followmg 
Commanor and Wilson) 

This leaves an advertising intensity equation of 

~ = Of) + a^M + flj + fljC + -I- fljCr -H a^Dur, (3) 

S S 

where Ad is advertising expense, S is value of shipments, CD is consumer 
demand, C is the four-firm concentration raUo, M is the price-cost 
margin (value added less payroll, divided by value of shipments), Gr is 
the average annual rate of growth in industrial production from 1954 to 
1963, and Dur is a dummy variable equal to one for durable-goods 
industries and to zero for nondurable-goods industries We expiect the 
signs of a,, flj, flj, and ^5 to be piositive and that of to be negative 
Following Commanor and Wilson, we give no a priori judgment about 
the sigpi of Of 

The Determinants of Concentration 

Conventional price theory predicts that an important determinant of 
concentration will be optimal firm scale as a percentage of market size. 
If the long-run average cost curve is flat at sizes above the minimum 
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efficient scale, then the four-firm concentration ratio may exceed four 
times minimum efficient scale. This implies that the correlation between 
concentration and estiinated minimum efficient scale will not be perfect 
even in long-run equilibrium. 

Since most of the economies of scale in production appear to be 
atuined at the plant level, an estimate of plant minimum efficient scale 
will be used as a determinant of concentration. Direct estimates of 
minimum efficient scale are available for only a minority of industries, 
so some proxy is needed. The two most conunon proxies are the average 
plant size among the largest plants accounting for half of industry 
shipments or employment (Ckmunanor and Wilson 1967), and the 
“midpoint plant size”—the size of the plant that is at the midpoint of 
the shipmenu size distribution. Half of total shipments come from plants 
larger than the midpoint plant size. Of the two, the midpoint plant size 
correlates more closely with available engineering estimates of minimum 
efficient scale * We will therefore use that variable divided by industry 
shipments {MESjS) as our econoimes-of-scale proxy 

The original impetus for this study arose from the expectation that 
advertising intensity would increase concentration due to economies of 
scale in advertising. Such economies of scale are conceptually slippery, 
but Oommanor and Wilson (1974, chap. 10) provide evidence suggesting 
that they may be large in industries where advertising intensity is high 

In addition to probable eoononues of scale in advertising, strong 
product di/Ferentiaaon in and of itself might well be associated with high 
concentrauon Firms that are successful in difierentiaung their products 
are also apt to be successful in attaimng large market shsues. There 
appears to have been a consistent postwar trend toward increasing 
concentration m highly differentiated products, although average con¬ 
centration in manufacturing as a whole hardly changed during this 
penod (Mueller suid Hamm 1974). This trend is most likely attributable 
to the increase in advertising intensity that came with the television 
revolution The efliect of advertising on concentration is only likely to be 
important in industries where advertising intensity is great. In sum, there 
seems to be ample justification far including M/S as an independent 
explanatory variable in the concentration equation. 

‘ In an St yet unpubfashed paper, one of us (Weiss 197S} correlates the two measures 
with direct estunates of MBSm»6e by Fratten (1971), Schmr (1979), and unpubUshed 
cnimatcs of hu own The RH relating the two measuras with the three sets of direct 
esdaiates are given bdow 



Scherer 

Pratten 

Weiss 

Ntunber of indaslfiei . . 

12 

19 

16 

Midposw plant dae. 

. .9099 

.4998 

.4414 

Average aue of plants in top half of ahipmeats . 

.7671 

JS08 

9974 
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Altogether, then, our concentration equation will be 


C 



MES 


We expect both and Aj to have poudve coeffiacntt 
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Thi Dttermnants of Prut-Cost Margins 

The literature contains a large number of statistical studies in which 
profit rates or price-cost margins arc explamed by concentration, adver- 
tismg, and certain other variables (see Weiss ld74). Our margm variable 
will be the widely used “price-cost margm” based on census totals. It can 
be precisely measured at the four-digit level, and it avoids most of the 
accounting difficulties of corporate profit margins Since the cost of 
capital IS included in this margm, an essential independent vauiable is a 
measure of capital intensity, KIS In our study, this variable is the gross 
fixed value of assets divided by value of shipments Similarly, output 
growth due either to unanticipated increases m demand or to unantici¬ 
pated decreases in costs can be expected to result m high margins. Our 
measure of growth is average annual growth rates in output from 1954 
to 1963 based on the census index of industrial production 

There are strong theoretical grounds for behevmg that market structure 
will affect price-cost margins Concentration is probably the most 
important element of market structure m thu regard Although there are 
many oligopoly theories, virtually all of them predict an increase m the 
effectiveness of collusion (a decrease in the cost of collusion) as con¬ 
centration rises The area of disagreement concerns the imphed functional 
form of the concentration-maigm relationship rather than the direction 
of Its effect 

The concentration ratios used refer to national industries. These 
clearly do not characterize market concentration correctly where markets 
are local or regional in character To allow for this, we follow Collins and 
Preston (1969) m introducing a measure of the geographic dispersion of 
output (CD) as well 

Finally, the attainable margms of effecuvely colluding firms can be 
expected to rise with the barriers to entry. The classic barriers to entry 
are those associated with product differentiation and scale requirements 
As in many other studies, advertising intensity will serve as our proxy 
for the product differentiation barrier Since advertising is included in 
the margin, its coeffiaent should equal 1 0 even if there is no product 
differentiation effect. It should significantly exceed 1 0 if the product 
differentiation barrier has its expected effect. The scale bamer is MESjS 
once more 
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Altogether, then, our price-coat maurgin equation will be 

M~Co + c,^ + cfir + H- c^GD 4 - (5) 

o u S 

We expect all of the coefficients to have positive signs, except for c^, 
which should be negative. 

The Structure and EstmuUion of the Simdtaneous-Eguattons Model 

In our three structural equations, the price-cost margin appears as a 
determinant of advertising intensity, both concentration and advertising 
intensity appear as determinants of price-cost margins, and advertising 
intensity is one of the determinants of concentration. We feel that there 
IS good theoretical justification for inclusion of these variables as shown. 
Since the same variables also appear as dependent vanables in our three 
equations, we must treat advertising intensity, concentration, and price- 
cost margins as endogenous variables whose values are jointly detemruned 
in a simultaneous-equations system consisting of equations (3), (4), and 
(5) The order conditions for identifiability indicate that equation (4) 
IS ovendentified while equations (3) and (5) arc exactly identified 
Our three-equation system is linear in parameters but nonlinear in 
endogenous variables because of the squared concentration term in 
equation (3) As a result, the reduced-form equations arc functions of the 
square root of linear relauons among the endogenous variables. The 
reduced-form equations can, however, be approximated by a polynomial 
function of the exogenous variables (Kelcjian 1971) This will lead to 
consistent estimates of the system’s parameters using two-stage least- 
squares estimation We used second-d^cc polynomials to approximate 
the reduced-form equations. 


Empirical Analysis 
The Data 

All of the variables used in these equations arc derived from the 1963 
Census of Manufactures, except for AdjS, GDIS, and Dur, the durabihty 
dummy. Values for AdjS and CDjS are taken from the 1963 input-output 
tables for “detailed industries.’’ AdjS is just the direct requirements 
coefficient of each manufacturing sector for inputs from the sector 
labeled "advertising.’’ CDjS is “personal consumption expenditures’’ 
divided by “total output,’’ where figures for both are taken from the 
transactions matrix of those ubles. The durability dunbny was assigned 
on the basis of judgment. 

All of the census vanables are for four-digit industries. Input-output 
sectors correspond exactly to four-digit industries in 230 cases. In the 
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remaining cases, ^ sectors and census industries do not match perfectly. 
In all but one case, two or more census industries are assigned to a single 
sector. As a result, our advertising and consumer demand variables for 
industries that are combined in the input-output sectors arc more 
aggregated than the other variables 

The year 1963 was chosen because all the variables used in this study 
arc available for that year and because most of the conventional relation¬ 
ships hold up well when estimated as single-equation models in that year 
It was a year of moderate prosperity with little inflation—a decade after 
the last bout of serious inflation and price controls—so price-cost margms 
had the opportunity to adjust toward equilibrium levels Similarly, the 
television revolution in advertising was more than a decade old, so that 
AdjS had probably come close to equihbnum levels 

The sample consists of 408 of the 417 four-digit Standard Industrial 
Classification (SIC) manufacturing industries from the 1%3 Census of 
Manufactures Of the mne industries deleted from the sample, two 
(2819, 3943) were dropped for lack of advertising data The seven remain¬ 
ing industries (2814, 3332, 3334, 3492, 3636, 3723, 3942) could not be 
used, since the census’s disclosure requirement prevented the con¬ 
struction of four firm concentration ratios 

OLS Results 

Table 1 shows ordinary least-squares estimates of the three structural 
equations Most of the coefficients of conventional variables in the OLS 
regressions bear the exjjected signs and are significantly different from 
zero Advcrtismg rises with margins, as predicted by Cable, Schmalcnsee, 
and Commanor and Wilson And, as expected by Cable and Greer, the 
relation between concentration and advertising intensity is of an 
inverted-U form Advertising intensity reaches its peak at C = 0 40 As 
expected, the vanable CDfS has a very strong effect on advertising. 
Advertising also increases with growth, though the effect is weak Dura¬ 
bility has a nonsignificant negative effect 

The results for equation (4) are also as expected Both advertising 
intensity and MESjS have significant positive effects on concentration. 

In equation (5), margins rise with both concentration and advertising 
intensity The advertising coefficient exceeds 1 0 by a sigpiificant amount 
(by 4 35 standard errors), suggesting that there is a substantial product 
differentiation barrier to entry associated with advertising. Growth, 
MESIS, capital intensity, and geographic dispersion all have the expected 

’ Industry 2819 (inorganic chenucals, not elsewhere clasnfied) was excluded beeaute 
it was split into two sectors in the input-output tables Industry 3934 (baby camafes) 
was excluded because it does not appear in the input^Mitput table for sooie reaKA. 
Except for these two cases, our sample corresponds exactly to that of Golhiu and Prestcas 
(1969) 
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TABLE 1 


OLS EwUIATE* or Ow TmMMB BQVATIOMt (#-llATJOi IN PammmtuuuJ 



DspiNnaNT Vaiuable 

Adis 

Eq (3) 

C 

Eq.(4) 

M 

Eq (5) 

Constant 

-0.0314 

0 2638 

01682 


(-7 45) 

(25 93) 

(17 15) 

C 

00554 


0 0629 


(3 56) 


(2 89) 


-00568 




(-3 38) 



M 

0 1123 




(9 84) 



GDIS 

00257 




(8 94) 



Gr 

0 0387 


0 2255 


(164) 


(2 61) 

Dur 

-0 0021 




(-1 11) 



Adis 


1 1613 

1 6536 



(3 33) 

(11 00) 

MESIS 


4 1852 

00686 



(18 99) 

(0 54) 

KjS 



0 1123 




(8 03) 

GD 



-0 0003 




(-2 90) 


374 

485 

402 

df 

401 

405 

401 


effects, though the coefficient of MESjS could easily differ this much from 
zero by chance 


Two-Stage Least-Squares Results 

The results in table 1 may be biased because of the simultaneous character 
of our model Two-stage least-squares estimates which avoid this bias 
appear in table 2 

The effect of concentration on advertising found in the OLS estimates 
remains in the 2SLS estimate of equation (3), but advertising now 
reaches its maximum at a concentration ratio of 0 57 The effect of 
margins on advertising is greatly reduced, though it is still significant 
The effects of CDjS, growth, and durability arc little altered 

Equation (4) is little changed in the two-stage least-squares estimates 
The effect of advertising on concentration is somewhat enhanced and 
remains statistically significant ^ 


^ At the tuggettion of a referee, we alio tned a difiereiu form*af the concentration 
equation (eq. [4]) where CD/S wai included among the independent vanabla All three 
independent variables were highly significant in both the OLS and the 2SLQ,regresuons 
The coefficient of advertising had a poaiuve sign and that of CDjS had a negauve sign 
We do not know how to interpret this result 
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TABLE 2 


Two-Staoe Least-Squases EcrmATES of Our Three E<2.uation> 
(I-Ratios in Parentheses) 



Dependent Variable 

AdjS 

Eq (3) 

C 

Eq (4) 

M 

Eq (5) 

Constant 

-0 0245 

0 2591 

0 1736 


(-3 86) 

(21 30) 

(14 66) 

c 

0 0737 


00377 


(2 84) 


(0 93) 


-0 0643 




(-2 64) 



M 

0 0544 




(2 01) 



GDIS 

0 0269 




(8 96) 



Gr 

0 0539 


0 2336 


(2 09) 


(2 61) 

Dur 

-0 0018 




(-0 93) 



AdfS 


1 5347 

1 6256 



(2 42) 

(5 52) 

MESjS 


4 169 

0 1720 



(18 84) 

(0 92) 

KjS 



0 1165 




(7 30) 

GD 



-0 0003 




(-2 79) 


The last equation does change in an impiortant way, however The 
effect of concentration on the pricc-co-<' margin remains positive but 
could easily be due to chance In addition, the coefficient of advertising 
intensity now exceeds 1 0 by an amount that is barely sigmficant using a 
one-tailed test (by I 91 standard errors), thus raising some question about 
the product differentiation barrier The coefficients of growth, MESjS, 
KjS, and geographic dispersion remain close to their values and sig¬ 
nificance levels found in the OLS regressions 

The reason for the weak relation between concentration and margms 
in the third equation is probably tollinearity Observed concentration 
and the other independent variables in the OLS estimate of equation (5) 
are related by an of 532, but this rises to 794 when C is regressed on 
AdjS and the other independent variables in the second-stage least-squares 
estimate of equation (5) This is because the estimated value of C is 
primarily determined by MESfS and, to a lesser extent, KjS and GD In 
effect, equation (5) is not fully identified, since the ext^nous variables 
excluded from equation (4) are not importantly correlated with con¬ 
centration Wc conclude that the effect of concentrauon on margins 
cannot be distinguished from the effect of optimal plant scale 

The same does not explain the weakened effect of advertising on 
margins It is related to the other independent variables in the OLS 
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estimate of equation (5) by an of only .06639 and to C and the other 
independent variables in the twO'Stage least-squares estimate by an A ^ 
of only .18118. 

Consumer and Producer Goods Separately 

The arguments for our model seem most relevant to consumer goods and 
much less so for producer goods Specifically, one would not expect a 
strong effect of concentration on advertising, of advertising on con¬ 
centration, or of advertising on margins in producer-goods industries 
where advertising is normally minor In addition, the effect of concen¬ 
tration on margins has generally been found to be much greater in 
consumer- than in producer-goods industries (Collins and Preston 1969; 
Weiss 1974), presumably because of the difficulty of collusion where 
buyers are large and well informed 

For the purposes of this study, consumer-goods industries are dehned 
as those where CDjS ^ 0.5 Breaking the sample in this way leaves 102 
consumer-goods industries and 306 producer-goods industries 

Table 3 shows OLS and two-stage least-squares estimates for consumer 
goods Table 4 shows the same for the producer-goods industnes. 

The consumer-goods regressions are similar to those for the overall 
sample except for the puzzling negative sign on CDjS in the advertising 
equation We presume that this anomalous result is due to a lack of 
variation in the sample where CDjS ^ 0 50 

The effect of concentration on advcrusing is much stronger in the 
consumer-goods sample, but the coefficients retain their expiected signs 
in the producer-goods sample. Advertising intensity reaches maximum 
at C 0 37 in the OLS estimates and C k 0 46 m the 2SLS estimates 
for consumer goods and at concentration ratios of 0.47 and 0 72 for 
producer goods Margins are also much less impiortant in determining 
advertising in the consumer-goods sample On the other hand, the effect 
of growth on advcrusing is sigmhcant in only the producer-goods sample, 
suggesting that producer-goods advertising is more concentrated on new 
products and new producers than in consumer-goods industries 

As expected, advertising has a greater effect on concentration ii 
consumer-goods industnes, but it remains signihcant in the producer 
goods sample. 

The effect of concentration on margin is sigmhcant in the OLS esumatc 
and nonsignificant in the 2SLS estimates in both samples The cxplatu 
tion suggested above seems applicable here also, since the relating 
to AdjS and the other independent vanables are .799 in the consume 
goods sample and 779 in the producer-goods sample 

The coefficient of advertising in the margin equation sigmficant 
exceeds 1.0 in the OLS esumates but is not significsmtly greater than 1 
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TABLE 3 


Eitimatei for 102 Coniumer-Goods Insuitries 
((-Ratkm in Parentheses) 





Dependent Variable 



OLS Estimates 

2SLS Estimates 

AdjS 

Eq (3) 

C 

Eq (4) 

M 

Eq (5) 

Adis 

Eq (3) 

C 

Eq. (4) 

M 

Eq (5) 

Constant 

-0 0005 

0 2165 

0 1704 

-0 0019 

0 1748 

0.1783 


(-0 02) 

(12 13) 

(8 66) 

(-0 08) 

(6 77) 

(8 45) 

C 

0.1446 


0 1376 

0 1761 


0 0953 


(3 29) 


(3 00) 

(3 18) 


(143) 

C> 

-0 1972 



-0 1918 




(-3 98) 



(-3 62) 



M 

0 3159 



02146 




(10 51) 



(3 34) 



CDjS 

-00864 



-0 0703 




(-3 45) 



(-2 57) 



Gr 

0 0562 


-0 0077 

0 0843 


0.0385 


(0 97) 


(-0 51) 

(1 36) 


(0 23) 

Dur 

-00134 



-0 0152 




(-2 44) 



(-2 65) 



AdjS 


1 6740 

1 6151 


3 3710 

1 3959 



(4 12) 

(8 73) 


(4 18) 

(2 90) 

MESIS 


3 7373 

0 3726 


3 5922 

03203 



(11 17) 

(167) 


(9 76) 

(1.89) 

KIS 



-00466 



-00042 




(-0 83) 



(-0.06) 

CD 



-0 0002 



-00002 




(-1 23) 



(-135) 


631 

611 

654 




df 

95 

99 

95 





in the 2SLS estimate for the consumer-goods sample and is barely so by a 
one-tailed test m the producer-goods sample Thus, more doubt is cast 
on the importance of the product diflerentiation barner 

Surprisingly, capital intensity and geographic dispersion affect margins 
significantly in only the producer-goods industries 


Conclusions 

It would appear that advertising increases with concentration over the 
range of C in which most observations fadl and that advertismg leads 
to greater concentration The failure of earlier studies (Telscr 1964) to 
obtain this result is presumably due to the crudeness of their data on 
advertising (roughly three digits in coverage), their failure to use a 
quadratic form, and their use of single-equation models The effect of 
advertising on concentration suggests that the economies of scale m 
advertismg are substantial 

On the other hand, the effect of advertising on margins is only mildly 
greater than what might be expected from the fact that advertising 
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table 4 

EmiiATM roR 306 

(^RAnol IN Parrmtmmm) 


Dbpbndent Variable 



-0 0062 
(-2 20 ) 
00113 
(1 14) 
- 0.0121 
(-1 159) 
0 0337 
(4 38) 

0 0538 
(11.49) 

0 0361 
(2 32) 
-00008 
(-0 70) 


0.2707 
(21 30) 


0 1715 
(15 11) 
0.0572 
(2 31) 


-0 0001 
(-004) 

0 0036 
(0 23) 
-0 0025 
(-0 17) 

0 0110 
(0 77) 

0 0363 


0 2661 
(19.02) 


0.1723 

(13.16) 

0.0601 

(1.33) 


MESIS 



0 2661 
(2 60) 

(1140) 
00446 
(2 71) 
-0 0006 
(-0 53) 


0.2753 
(2 67) 

1 5442 

1 9540 

2 0644 

1 7782 

(2 15) 

(6 45) 


(2 09) 

(4.15) 

4 3639 

-0 1334 


4.3346 

-0 1423 

(15 91) 

464 

303 

(-0 87) 

0 1201 
(7 82) 
-00003 
(-2 87) 

330 

299 


(15.88) 

(-0 65) 

0 1188 
(7 24) 
-0 0003 
(-2 87) 


expense is included in the pnce-cost margin and is not sigmficantly so in 
consumer-goods industries This suggests that the product differentiation 
barrier to entry is not very great 

Our finding with respect to the impact of concentration on margins 
seems equivocal It cannot be distinguished from the effect of the plant 
scale variable in our second-stage regressions The combined effect of C 
and MES/S is unequivocally positive and sigmficant. The F-statistic for 
the two vanables together is 36 14 with 2 and 401 degrees of freedom— 
easily significant at the 01 level We have no basis for assigning their 
jomt effect between concentration and the scale banner We presume that 
both are present 
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Market Organization and the Effect of 
import Quotas: Empirical Evidence 

Susurau Hondai 
Muhttan StaU Unuurftfy 


Standard economic theory states that the output of a final product and 
the purchase of a production factor arc reduced (1) if competition in a 
final-product market is replaced by a monopoly, (2) if competition m 
the purchase of a production factor is replaced by a monopsony, or 
(3) if competition in the final-product and the factor markets is replaced 
simultaneously by a monopoly and a monopsony (Ophir 1969) This 
theory also states that, if (1) the elasticity of the foreign supply of a final 
product IS lai^e enough and (2) its import price is lower than the domestic 
monopolist price but higher than the compeutive market price, the 
monopolist output will be greater, and the final-product pnce and the 
monopoly profits will be lower, with imports than without imports. On 
the other hand, the price of a production factor rises as a monopolist 
increases the output of a final product So the relaxation of an import 
restriction leads to an increased factor price, which will then raise the 
income of the factor producers However, if both the factor and the 
final-product markets are competitive, the relaxation of an import 
restriction leads to a lower mcome for factor producers The effect of an 
import restriction on the income of (actor producers thus depends on the 
structure of the factor and the final-product markets. 

In this paper, I will contrast the impact of import quotas on the 
Japanese dairy product market from 1952 to 1971 and on the Japanese 
beef market from 1955 to 1971 The import quotas on dairy and beef 
products were origmally designed to raise the mcome of the fiu:tor 
producers, the farmers who supplied their products to the dairy dis¬ 
tributing and processing industry and the meat packing and processing 
industry 

Most agricultural products have two demand curves: one for firesh 
products and one for processed products. In figure 1, DffD\Dy is the 
frcsh-and-processcd aggregated demand curve, for an agricultural product. 
Section D^\ of D^\D^ is the fresh-product demand curve, while 

I would tike to thank WQliain Haley and Harry G Johnson for bdpfal rnmmcwli on 
prevtoui drafts of this paper. 
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section IS the fresh-and-processcd-product demand curve In 

general, the demand elasticity for a fresh product is smaller than that 
for a processed product The marginal cost curve of a production factor 
for a distributing and processing industry is MC If a distributing and 
processing industry is competitive, its marginal revenue is equivalent to 
Its demand curve Since the equilibrium point without imports is at r,, 
the industry pays to factor producers A small import quota of 
processed products shifts the demand curve to Z>q£) 2'^2 equilib¬ 

rium point to C 2 The factor price will fall from /y,,, to /y ^2 Thus the 
quota will reduce the income of factor producers, the farmers 

If the distributing and processing industry forms a monopoly, its 
marginal revenue equals its marginal cost at the equilibrium point Since 
the equilibrium point without imports is m,, the industry pays to 
factor producers The introduction of an import quota shifts the demand 
curve from to marginal-revenue curve from 

MRj to Miij, if the demand curve is concave from above and if the 
import is a relatively small part of domestic consumption (Finger 1971) 
As a result, the factor price will rise from /y„, to pj„ 2 , and the income 
of factor producers will also rise So the relaxation of an import restriction 
increases the income of the factor producers 

The three biggest milk distributors and processors in Japan have a 
huge share of the milk product market They hold about 60, 95, 80, and 
75 percent of the shares in the fluid whole milk, dried milk, butter, and 
cheese markets, respectively In the factor market, they purchase over 
60 percent of the farm milk. The price differences between domestic and 
foreign dairy products, as shown in table I, reflect partly import policies 
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TABLE 1 

Ratkm op Domeptio Wmoleials Pucsi to Imfokt Pucn pok Daiky Vwovcn 

AMD Beep 


Product 

1967-70 Average Pnee 
Ratio 

1967-70 Average Market 
Share*T%) 

Butter 

248 

79 1 

eSheese 

I.2S 

73 1 

Dry milk 

4 33 

965 

Beef 

1 93 

Competibvet 


SouECs —jEpEfi Muuftfy of A^icullore and Forestry 1971, Japan Mmmry of Fumucc 196&>71 
* By the three Urgeat distributing and proceating 

t Data on market aharea for the beef {aduatry are not arailable, since no firm has any sigsificaDl share 
in the industry 


and partly the market structure of the industry In contrast, the beef 
market is competitive, so the price difference between domestic and 
foreign products is due mainly to the beef import-quota system. Because 
only natural cheese is protected by a tanff, the smallest difference is in 
the natural and the processed cheese prices For dried milk, the three 
major firms share over 95 percent of the market, and the ratio of domestic 
price to import price exceeds 400 percent 

If an industry forms a monopsony in its factor markets or a monopoly 
in Its Anal-product markets, the market model consists of the following 
equations 


MR = 

(J) 

MC = ^ 2 ). 

(2) 

V 'I / 


MR = MC or = Q„ 

(3) 


where MR = industry marginal revenue, MC = factor marginal cost of 
the industry, P, = final-product pnee, P, = factor pnee; Q„ = 
quantities supplied and demanded, respectively, = price elasticity of 
demand for a final product; <, = price elasticity of a factor supply; and 
X 2 = sets of exogenous variables which shift the AIR and the MC 
curves, respectively For the dairy markets, variable Xi includes consumer 
income (F), the price of substitute (.P„^), and import quota (Q); whereas 
variable .^2 includes the number of cows {NC), labor cost {IWR), and 
feed price {FC) (Japan Bureau of Statistics 1955-72; Japan Ministry of 
Agriculture and Forestry 1952-73) From equations (1), (2), and (3), we 
can derive reduced-form equations for the factor and the fiiud^iroduct 
prices. Since we are interested in the sign of an import quota, we divide 
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both sides of the reduced-form equations by cither r,/(r, + ) or 

6i/(i, - I) to get the following equations: 

P, = f>i(y. Q. P.at. 

<2. P..^ IWR, NC, FC) (5) 

Using the linear form of equations (4) and (5), the impact of import 
quotas on farm and consumer milk prices can be estimated The results 
of the ordinary least-squares (OLS) estimations arc listed in table 2.' 
The signs of the number of cows, the feed price index, and consumer 
income correspond to those implied by standard economic theory. The 
signs of the import quota are positive, indicating that the factor price 
rises as the import quota expands This indicates that the marginal- 
revenue curve of the industry shifts from MR^ to MR 2 in figure 1 On the 
other hand, the number of cows and consumer income significantly affect 
the consumer price ^ Even though the signs of the import quota arc 
negative, the expanded import quota docs not significantly influence 
the consumer price 

For the beef market, I used the number of beef cattle of the previous 
year the number of milk cows of the previous year 

import quotas of the current year and the previous year (Q and 9_j), 
feed price index (FC), consumer income (F), and consumer pork price 
(P,ub) (Japan Bureau of Statistics 1955-72, Japan Ministry of Agriculture 
and Forestry 1952-73) ^ Since slaughtered cows enter the beef market, 
an increased number of cows will shift the beef supply curve to the right 
But dairy cows utilize the same inputs as beef cattle, so an increased 
number of cows will pull resources from cattle production and raise 
resource prices Because the number of cows has increased rapidly since 
1950, the latter should have a greater effect than the former. So the price 
of beef cattle should go up as the number of cows increases, and the sign of 
the number of cows is positive 

‘ Variables used as independent variables are import quotas, number of cows, feed price 
mdex, and consumer income for the farm price model, import quotas, number of cows, 
and consumer income for the consumer price model Quantities and income variables are 
divided by population Price and income variables are deflated by the Japanese consumer 
pnee index (1970 = 1 00) Consumer income is the per capita income, before tax, of 
nonfarm fatmlies (Japan Bureau of Statutics 195^72) I feel that this figure representt 
consumer disposable income in Japan better than other income senes such as the gross 
domestic product, because there is no consistent gross domestic product figure available 
from 1951 to 1971 

* The consumer pnee of milk products is the weighted average pnee which consumers 
paid for whole fluid milk, butter, slummed milk, whole dned milk, and cheese. The 
pneet of the latter four products are equivalent to fluid milk prices. The ratid of fluid 
milk for various uses to the total fluid milk generate the weights for prices. 

* As in the previous case, quantities and income variables are divided by population 
The price and income variables are deflated by the Japanese consumer price index 
(1970 w 1.00). The linear form is also used m this case 
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In tabic 3, the results show that the sign on the import quota is negative 
for the farm price and positive for the consumer price. But only the 
coefficient for the previous year’s quota in the farm price equation differs 
from zero Thus the quota is likely to reduce the farm price of beef cattle 

It is sometimes argued that the import quota is endogenous, since the 
government may expand the import quota as domestic consumer prices 
for the products go up So we will treat the import quota on milk and 
beef products as an endogenous variable and use the two-stage least- 
squares estimation method * In table 4, the results of the estimation show 
that the signs for the consumer milk price and the consumer beef price 
are negative for the milk and beef import quotas, respectively, but neither 
coefficient differs significantly from zero On the other hand, the import- 
quota sign IS positive for the farm milk price and negative, but not 
>ignificantly different from zero, for the farm beef price. Therefore, as 
the import quota expands, the price paid to farmers for milk increases 

Two different assumptions, (1) the import quota is an exogenous 
variable and (2) the import quota is an endogenous variable, produce the 
same relationship among the import quota, the 6nal-product price, and 
the factor price Despite government intentions, the import quota on dairy 
products docs not increase the income of the dairy farmers Importing a 
final product introduces foreign competition for the domestic distributors 
and processors and decreases their income; however, the effects of 
importing a final product on the income of the factor producers depends 
on market structures in both factor and final-product markets 

Contrary to common speculation, the import quota on milk products 
does not protect Japanese dairy farmers Both farmers and consumers, in 
this case, would be better off if the import quota were replaced with a 
tariff By keeping the tariff low, the Japanese government could impose 
severe limitations on the oligopolistic power of the processors while still 
protecting the domestic farmers Presently, if the quota on beef is main¬ 
tained, some processors may grow large enough to control the market as 
beef consumption expands To prevent exploitation by big processors, 
the government can replace the quota with a tariff and thus create a 
more competitive market 


* Import quota and farm price equations were defined as parts of a supply-demand 
model The equations of the milk-market model are as follows 

Q = Q-i, NC), 

p. = MQ. NC. Y, FC), 

where Q ., is the import quota of the previous year, and other notations arc tlse same 
as in the previous case. Then I estimated the equauons above, which have consumer milk 
price (P,), import quotas (Q), and farmer milk pnee (P,) as endogenous varubtes, using 
the two-stage least-squares method The equabons for the beef market model are the 
same, except they use the variables listed in table 4 
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A Purchasing-Power-Parity Application to 
Demand for Money in Afghanistan 

Maxwell J Fry 

Ummrnfy of Hawau 


This paper presents an estimate of the demand for money m Afghanistan. 
The basic problem is the lack of reliable price data.* However, Da 
Afghanistan Bank (the central bank) has recorded the free-market 
foreign exchange rates daily since 1951 * They are used to overcome this 
difficulty through an application of the purchasing-power-panty theory 
to construct a domestic price index 
The purchasing-power-panty theory states that 

/ = fU), (1) 

where p is the domestic pnee index, r the exchange rate, and w the pnee 
index in the country whose currency is used for the exchange rate. In 
this case, r is the Afghani/dollar rate and w the U S wholesale price 
index The Indian and Pakistani rupee rates might have been chosen as 
alternatives to the Afghani/dollar rate The advantage would have 
been a closer correspondence of consumption patterns The disadvantage, 
however, is that there has been extensive pnee control in both of these 
countnes as well as abundant foreign trade restncuons. Imtial experi¬ 
mentation produced poor results using these rates and the corresponding 
pnee indices Other convertible currency rates could have been cal¬ 
culated from the Afghani/dollar rate Given Afghanistan’s tradmg pattern 
and the United States’ predominance m the international economy, 
no advantage could be expected from so doing 


1 would like to clunk Jacob A Frenkel, Mobeb Ghali, Harry G Johnson, Deena 
Khaikhate, H Laurence Miller, Stig von Post, and John H Power for thar oosninrius 
on earlier drafts of thu paper 

' The officul domestic pnee index covert only the past decade and is e xtremel y in¬ 
accurate It was the lint uik of the A%ban Central Sutubes Office, eisabliihtd in 1973, 
to prepare a new pnee index Revixionx of the officul index ftir three previoas yean 
produ^ by the Cimtral SutuUcs Office in one of its 6nt pubfacatsoas (1972) faidicUr 
how m’sleading the senes for the 1960s u 

* Monthly averages of the daily dollar, Indun rupee, and PaloMam rupee acduMge 
rates were provided by the Research Department of Da A%haiuslaii Bank (IVy 1974, 
Ubles 7 20, 7 21, 7 22) 
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Balassa (1964) showed that the purchasing-power relationship does 
not imply that the cost of living will be the same in Afghanistan and the 
United States A wide disparity in levels of productivity between these 
two countncs results in much lower prices of nontraded goods and services 
in Afghanistan than in the United States For example, in 1971 full¬ 
time domestic servants employed by British Embassy personnel were 
paid about $22 a month * However, as long as rates of change in labor 
productivity in Afghanistan and the Umted States have not differed 
greatly and the proporuon of traded to nontraded g^oods in both countries 
has remained unchanged over the period under analysis, the relative 
version of the purchasing-power-panty theory may hold This version 
states that the rate of change in domestic pnees will be the same as the 
rate of change in the purchasing-power-panty index 

Except dunng World War II, the foreign exchange rate has always 
been determined by the free interplay of market forces. Apart from a few 
unimportant items prohibited mainly for religious reasons, there have 
been no restrictions on foreign trade No major disruptions to the economy 
have occurred since World War II The foreign exchange markets 
(known as money bazaars) of Kabul and Kandahar operate competitively 
on fine margins The range of activities in the money bazaars—an accepted 
institution in the life of businessmen and traders in Afghanistan—is 
impressive Hence, the hope that the purchasing-power-panty theory 
has been valid in Afghanistan’s case over the postwar penod may not be 
too unrealistic Initial cconomctnc tests of various exchange-rate and 
purchasing-power-panty equations were all consistent with this theory * 
The demand for money function estimated for the period 1952-71’ 
takes the form 

In (Mlp) = ao + at In (y) a^i*, (2) 

where M is aggregate nominal money balances broadly defined to include 
time deposits, p is the domestic pnee level as given by the purchasing- 
power-panty relationship in equation (1),^ is real monetized income, 
and I* IS the expected rate of inflation, taken to be the opportunity cost 
of holding money in Afghanistan * The latter is denved as follows ■ 

(3) 

J-O 

* Using Balam's equation y « 49 34 -f 0 025^ (BaUasa 1964, p 590), a per capita 
income of $100 impbes that the absolute purchaamg-power-panty pnee index over¬ 
estimates the pnee l^el in Afghanutan by a factor of almost two 

* A longer vemon of this paper in whi^ these lesu are hilly reported it available on 

request from the author (see also Fry 1976) '' 

' The starting date was determined by data availability, and the concluding date by 
the devaluation of the dollar in 1971 

* There are virtually no financial asiea other than money Institutional interest rates 
remained low and undiaiiged over the penod. 
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The coefficients, bj, are estimated using the Almon polynomial lag tech¬ 
nique Government domestic revenue deflated by the purchasmg-power- 
panty price index, g, is used as a proxy for real monetized income It u a 
reasonable proxy, since there have been no major tax changes over this 
period, tax effort has been consistently low (Fry 1974, p. 182). The basic 
data used in the regression analysis are given in table 1 

Equation (4) was obtained from two-stage least-squares estimation to 
eliminate simultaneous-equation bias^ and was corrected for serial 
correlation using the Cochranc-Orcutt technique * 

In (Af/w) = 1 822 + 0 828 In (g) - 1 059 (•, (4) 

SE (0 446) (0 059) (0 158) 

= 937, SEE = 0 024, D-W = 2 397, p = -0 374 

The rate of inflation, i, was estimated in the first stage and the estimated 
values, f, used in equation (4) The lagged coefficients for f* obtamed 

from an unconstrained polynomial of third degree arc i, *= 0.080, 

f,., = 0 087, = 0 127, f,.j = 0 174, f,.* = 0 206, f,_j = 0.198, 

and = 0 128 The length of the lag was chosen on a nonnegativity 
cnterion 

The variation in In (M/(rui)] is well explained by the two independent 
variables Coefficients have the correct signs and economically meaningful 
values * The lag structure is of the anticipated inverted U shape 

The coefficient of real domestic revenue suggests that the elasticity of 


^ The iiutruinental vansblcs used were first differences of the logarithms of govenuneot 
expenditure, exports, foreign aid receipts, all at constant prices, and the nominal money 
stock All variables, including the dependent vanabie, were also introduced with a I-year 
time lag Because of the small sample size, there u some question at to the appropnatenes 
of the two-stage least-squares procedure The equauoo csumaied b> ordinary least squares 

IS 

In (Af/iw) = I 971 -f- 0 810 In (g) - I 047 i*, 

SE (0 241) (0 032) (0 084) 

- 976, SEE-0 015, D-\V - 2 807, p.-0 489. 

It 11 almost idcnucal to eq (4) m the text. 

* Without correcung for simultaneous-equation bias and serial correlalian, lag struc¬ 
tures tended to exhibit a V shape This same problem %vas encountered by Dsdoim and 
Starleaf (1972, p 1037) and Gddfeld (1973, ubic 8) and was chminated by the fcmier 
through correction for first- and second-order serial cotrclation This procedure in¬ 
validates the usual mterprctation of standard errors and the coeflficient of detetTniaalKisi. 
They are reported here simply as tough guides with which to aaea conelatian. 

* The coefficient of f * and the mean mflatton elasudty (0 060) are coenpanbk to IhoK 
found in a 47-country aiudysu by Pctlmaa (1970, pp 315, 336-37) and m estiioatei far 
the neighboring countnes of Iran and Pakistan (Fry 1973, pp. 377-79, Abe ct al. 1975, 
p 255). Studies of hypennfUaoa using the semiiog equaboo genentty prodisoe huger 
coefficients and much higher mean eUsuciUes 
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demand for money has been less than unity over this period.^® This 
might seem suiprising for a less-developed country However, independent 
evidence can be introduced to corroborate it Income elasticity determines 
movements in velocity as income changes If elasticity is less than umty, 
velocity increases with income For less-developed countries, a significant 
trend in velocity is usually accompanied by a trend in the same direction 
in the currency/money ratio (Khazzoom 1966, 1967) Cetens paribus, 
both can be expected to fall dunng the course of economic development 
(Cagan 1958). However, the currency/money ratio in Afghanistan rose 
from a low of 0.64 in 1955 to 0 81 m 1962, only declinmg to 0 76 by 1971 
(Fry 1974, table 2.12) The higher velocity imphed by higher real domestic 
revenue (and hence income) at the end of the picnod is thus matched by 
a higher currency/money ratio ' ‘ 

Afghamstan differs from two groups of countnes for which demand 
for money estimates abound It is not a nch, industrial country, nor has 
It suffered from hyperinflation Afghamstan is, m fact, one of the poorest 
countnes m the world The annual rate of inflauon between 1952 and 
1971, although highly volatile, averaged only 5 7 pier cent The results 
reported above strongly suggest, however, that Afghanistan docs share a 
common characteristic with these other two groupis the estimated 
demand for money, determined in predictable lashion by income and 
cost, IS stable 
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Geld, Mon^ and the Law. Edited fay Henay G. Manne and Rooeb Leroy Miller. 
Chicago: Aldine Publiihing Co , 1973. 220 SI0.75 (cloth). 

Franklin D Rooievelt’s gold policies continue to exercise our cunouty even after a 
lapse of more than 40 years The year 1933 was a year of considerable monetary 
expenmentation and uncertainty. The president suspended gold payments, 
nationalized the gold stock, abrogated the gold clauses, and bought gold in both 
domestic and foreign markets. Finally, in January 1934 he devalued the dollar. 
The occasion for the revival of interest in this episode was the recent lifting of die 
ban on private gold holdings by U S. citizens and the renewal of interest in the 
pFoblem of indexation as a defense against continued inflation. 

The Center for Studies in Law and Economics at the Umversity of Miami 
School of Law (Florida) convened its inaugural conference to discuss both the 
legal and economic imphcations of the famous Geld Clauu Cases m which the 
Supreme Court upheld congressional abrogation of all such clauses in pnvate 
contracts The topic was selected presumably to demonstrate how law and 
economics “can be integrated in grappling with major legal and economic 
issues ’* But the real issues raised at this conference go far deeper than these 
matters of current and historical interest Gold is merely the pretext for a cursory 
exploration of the questions. What are the fundamental hmits of the government’s 
monetary authonty’ What sort of monetary cMstitution might be predicted to 
emerge from a geniune social contract’ And did our monetary insututiosu befote 
1933 bear any relationship to this ideal structure’ These are indeed important 
questions and have not received the attenbon they deserve Thu book is an 
invitation to remedy that deficiency 

The principal paper of the conference was presented by James Buchanan and 
T Nicolaus Tideraan. Formal replies were made by two economuts, Milton 
Fnedmon and Harry Johnson, and two lawyers, Ralph KL. Wmter, Jr., and 
Gerald T Dunn Following the formal papers there was an extended discussion 
by the more than SO conference participants which a fully reported m the book. 
A 70-page iniUal paper which evoked twice as many pages of comment should 
be testimony either to the contenuousness of the partiapants or to the intellectual 
exatement created by the authors. My comments will be restricted to the ecooosnic 
rather than the legal issues raised, not because they arc less mteiestiiig but becau s e 
1 feel less qualified to deal effectively with consututional questions. 

Buchanan and Tideman define a contractarian monetary fnmewock in teems 
of two separate functional objectives (1) defimtion of the monetary unit smd 
(2) predictability in the value of money Granted that predi c ta b ility m the value 
of money u a desirable attnbute of whatever monetary arrangements prevail, 
which IS a far cry from enshrining that attribute alone in a monetary coost it w riow . 
Conceivably, there are occasions when prediciabtlicy of vahie might have n be 
sacrificed to attain other soaal goods aduch are accorded a higher priority, aaost 
notably in wartime. 


•»39 
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Buchanan and Tideman apply their hypothetical contractarian framework in 
an attempt to answer the question. Was there any economic justification for the 
suspension of convertibility and abrogation of the gold clauses in private and 
public contracts? They find a rationale in modern welfare economics by appealing 
to the public-goods aspect of money and the ucistencc of externalities. For example, 
they maintain that there is a valid contractarian argument for FDR's suspension 
of convertibility if the risks were great that the public would reject national fiat 
money and search for ways to substitute gold in exchange transactions, thereby 
making the exchange process, in their judgment, less efficient. Friedman correctly 
pointed out that on the purely factual level the possibility of this having happened 
was indeed remote because there was little or no distrust of the national currency 
(as opposed to confidence in bank-created money) and the costs associated with a 
dual currency system were probably minimal 

Moreover, Buchanan and Tideman find justification for the suspension of gold 
clauses in private contracts during periods of unforeseen emergencies when the 
relative positions of debtors and creators are shifted unexpectedly The enforce¬ 
ment of the gold clauses in contracts would have required at the time an increase 
in payments in real terms by almost 70 percent, unquestionably seriously 
damaging debtor interests. 

Was there a viable alternative to devaluation and expropriation of gold 
holdings as deduced by Buchanan and Tideman from the contractarian frame¬ 
work^ Fnedman and Johnson think that there was. All that the Federal Reserve 
and FDR had to do was to increase high-powered money in the form of Federal 
Reserve notes and deposits The increase in high-powered money would have 
prevented the reduction in the total quantity of money and ended bank failures. 
According to Friedman and Johnson, the Federal Reserve had the knowledge and 
previous experience to have acted in the manner prescnbed. But there was 
monumental ineptness and mismanagement on the part of Reserve officials 
between 1929 and 1933 I find little or no basis for the Fncdman-Johnson 
indictment of Federal Reserve monetary policies in my own studies of the same 
period. They have overstated the importance of short-term countercyclical 
objectives in the formation of monetary policy in the twenties and thirties and 
exaggerated the extent to which the System understood the use of open market 
policy to counteract financial or any other kind of econonuc instability 

Nevertheless, I agree with Friedman that there is little evidence to support 
Buchanan and Tideman's conjecture that continued adherence to the gold 
standard would have prevented or delayed necessary monetary expansion Such 
a consideration never entered Roosevelt’s calculations about suspending gold 
payments Moreover, the postdevaluation gold inflow was only partly due to tbe 
alteration in the exchange rate A considerable part was attributable to pohtical 
uncertainty in Europe and the rise of Hitler. 

Although Buchanan and Tideman have provided us with an interesting 
theoretical rationale for explaining the events of 1933, I fail to see how it 
contributes to our understanding of the economic history of the period Con¬ 
jectural history is no substitute for a patient and detailed investigation of FDR’s 
gold policies. Admittedly, that was not the purpose of Buchanan and Tideman’s 
paper. Less heat might have been generated by their critics had the authors been 
less sangume about the historical relevance of their hypothetical analysis. 
Furthermore, I am not convinced that the Supreme Court decision (o uphold the 
abrogation of the gold clauses in 1933 tells us anything about how the Court 
might view the validity of index contracts in general today. 

EUIUS R. WldCBR 
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Eiugfj M Monebny TTuoty and Rdated StAjuts. By Joroen Peoejuen. 

Copenhagen. Samfundsvidenakabeligt Forlag, 1975. Pp. 233. 

Jorgen Pederaen was an original and forceful thinker. Like Carl FM and Albert 
Hahn, he developed ind^iendently many of the ideas which became attadted to 
the name of Keynet, but he alto shared that skepticism about short-run monetary 
pokey we now associate with the name of Friedman These essays show him as 
an outstanding macroeconoinist with a sure sente for the substantive economic 
issues and the couyage to follow his own arguments to their logical conclusion 
(which was wage control). Since his work is largely unknown to American 
economists, it may be appropriate to use this review for a summary of his ideas 
as they emerge from these essays 

Business fluctuations are seen to arise from shifts between relatively ngid prices 
(particularly wages) and flexible prices (particularly international prices) The 
main task of economic stabilization is to prevent such shifts To force wages to 
adjust to international prices can only result, Pedersen argued in 1933, in 
disastrous fluctuations in employment He advocated the adjustment of inter¬ 
national prices to domestic wages through variable exchange rates corabmed with 
monetary and fiscal policies designed to keep the level of money incomes constant. 

In 1937 Pedersen developed the principles of “functional finance” that flow 
from this view of stabilization There is no particular virtue in balanced budgets, 
and whether expenditures arc financed by taxes, debt, or money depends on 
business conditions These conditions are already perceived in terms of the 
dichotomy between unemployment with fixed prices and full employment with 
flexible prices that should plague Keynesian theorizing to the present day. 
Unemployment required money finanang while tax financing was appropnaic 
for full employment There should be few occasions for debt finanang, because 
the “crowtkng out” of private investment through higher interest rates makes it 
undesirable in a depression, and under full employment tax financing is leas 
inflationary 

Pedersen’s excursions into monetary theory mainly show that he, like many 
Keynesians, failed to understand the significance of the money stock (as opposed 
to the flow of money expenditures) for the long-run trend of pnees Inflation thus 
became for him a problem of money wages, with the gold standard supplanted 
by a wage standard As an early and ardent advocate of an “incomes poUcy” 
through wage controls, he was caught in a familiar dilemma Since relative wages 
had to be flexible for allocative purposes and absolute wages could, he thought, 
never fall, some degree of inflation seemed to be inevitable, its degree depending 
on “public education.” 

But Pedersen was too independent to be simply a Kej’nesian The two later 
essays on the stabilization of the mark and the causes of the Great Depression (the 
best and freshest reading in the collection) show that the mam basis for his 
distrust of monetary policy was not doubt of its effectiveness but the convicbon 
that the disastrous consequences of ill-timcd and excessive monetary contraction 
would far outweigh the potendal benefits With the belief that serious economic 
crises arc caused not by autonomous fluctuations in investment demand but by 
errors in monetary policy, Pedersen is closer to Friedman than to the later 
Keynesians. 

Pedersen was also a strong believer in (he allocative function of markets He 
cntiazed credit rationing and variable reserve requirements as inefficient 
instruments of monetary policy, produang a misallocation of credit and sharp 
liquidity enses. Commercial banks, he argued, should be able to borrow unlimited 
amounts at the market rate, but this rate should be varied through open market 
operations. However, monetary policy should be gesued to l<»ng-run oiyeettves, 
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while the short-run “cruu management” ought to be left to fiscal ptdicy, eaccbange 
rate adjustments, and mtetnaticHial cooperation of central banks (whose power 
Pedersen overestimated in the early thirties in the same way central bankers 
overestimated it in the early sixties). 

Most of what Pedersen had to say has been said better or more effectively, and 
“mcomea policy” has been a consistoit failure. It is impressive to see, however, 
how an independent mind, havmg inherited largely the same analytical tools as 
Keynes and bemg confronted with the same economic experience, amved at 
essentially the same policy conclusions. The Amencan economist tends to view 
economic science as epitomized m the works of a few great men writing in English. 
Pedersen’s collected essays should be enough to correct this error. 

Jtiao Nsbhams 

Johns Hopkms UmoersUy 


StUcied Econotmc JSssays and Addrtsses By Aknold Plant 
London Routledge & Kegan Paul, 1974 Pp, xi + 248. 

Many other economists, I suspect, suffer from the same lack of knowledge of Sir 
Arnold Plant s writings as I did prior to finding Selected Economu Essays and 
Addresses on my desk If this is true, it is clear that we have neglected an important 
figure in relatively recent thought. 

Sir Arnold, born in 1898, was a mechanical engineer during and after World 
War I For reasons unclear from brief biographical notes, he became a student 
at LSE in 1920, graduated with bachelor of commerce and bachelor of science 
(economics) degrees in 1923, and took an appointment at the Umversity of Cape 
Town, South Africa, in 1924 He accepted a chair at LSE in 1925, from which he 
retired in 1965. His knighthood was conferred in 1947 

The volume considered here is divided mto three parts, “African Studies,” 
"Property and Ownership,” and “Economic Processes at Work.” The eleven 
essays and addresses were prepared between 1927 and 1970 and represent but a 
small part of his lifework There is an even, persistent theme—one which might 
be described as Hayekian or, after one of his better-known students, Coasian. 
There u a persistent method of approach, too, of discussing a subject in deliberate 
detail, notmg alternative views, and then conung to rather definitive conclusions. 

Consider the first chapter, “The Economics of the Native Qpestion ” After 
polite yet biting critique of legislation affecting the black natives, with an aim at 
affecting propxMed amendments. Sir Arnold, with good use of economic analysis, 
concluded. “If the agrarian revolution contemplated ... is not to create an army 
of discontented natives, to dislocate fanning operations, and cause senous 
repercussions in the towns, its provisions must be amended so as to convert 
squatters by an inevitable, gradual process into peasant pnqirietors or leaseholders 
on the one hand, luid mto contented labourers on the other” (p. 16) To cap this, 
on the issue of education and voting nghts, Sir Arnold pointed out: “It u rdevsmt 
to point out that it is the Europeans who must bear the responsibihty for with¬ 
holding avilisation from the natives, but if [it is suggested] that fitness for the 
franchise, and capaaty to maintsun and further Western civilisation are inherited 
characters, it will find little support among modern biologists” (pp. 16-17). How 
popular these views must have been to whites in South Africa—most of whom 
could r«d but probably didn’t—as well as to the civil servants in London—most 
of whom could read and some of whom probably did! 
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A review can hardly be as long at the work reviewed Subsequent chapters are 
^'Economic Issues m Immigration” (1970), "The Economic Theory concerning 
Patents for Inventions” (1934), “The Economic Aspects of Copynght in Books” 
(1934), "The New Commerce in Ideas and Intellectual Property" (1953), “The 
Substance and the Shadow—Reflections on Prosperity” (1956), “E^neenng in 
an Expanding Economy” (1959), “Homage to Hayek” (1970), “Centralise or 
Decentrahse” (1937), “The Distribution of Proprietary Articles” (1937), and 
“The Economic Approach to the Peaceful Use of Nuclear Power” (1958). From 
these, a few more quotations. 

As I sec It, therefore, the prolongation of copynght payments and of the 
consequent higher prices . . are not economically necessary. [Pp. 
93-94] 

People, then, differ widely in the values they set on the vanous 
constituents of well-being Lord Snowden . . once remarked that 
It was a mistake to assume that the people of this country would be 
satisfied with full employment, guaranteed food and shelter, and an 
adequate medical service . [P. 124] 

I have allowed myself to be earned away.. . [P. 125] 

It seems clear, first, that if the poorer counmes wish above all else to 
raise real incomes, the best general policy for most of them will 
be . to expand their production of staple commodities for export. . . . 
It IS, however, true that the world pnees of their exports . . fluctuate 
more widely than the world prices of their imports . . The ncher 
countries should no longer lay themselves open to the old charge that, 
whenever the United States, or Western Europe or the Umted Kingdom 
sneezes, they sec to it that the rest of the world catches pneumoma. . . 
(I]t IS not surprising that (poorer countnes] should seek to obtain 
greater internal stability by diversifying . . beginiung to m a n u f acture 
some of the commodities which they have hithcno imported. (Pp. 
156-57] 

If I have succeeded in encouraging just a few to leaf through Sir Arnold's 
Essays and Addrtssts, my purpose has been accomplished. It u a fascinatii^, 
pleasant, and rewarding experience 
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A New and Superior Process for 
Making Social Choices 


T. Nicolaus Tideman and Gordon Tullock 
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Thu paper deicnbei and elaborate* a procea 6nt ducoveied by Edawd 
H. Clarke that motivate* individual* to reveal thar true pre fer ence* feir 
public good*. The euencc of the proce** i« that each individual u o ff e r ed 
a chance to change the outcome that tvould occur without hu vote by 
paying a *pecial chaige equal to the net co*t to others that result* bom 
including hu vote in the decision. Because the specud charge on any one 
person u not paid to any other person, a very small budget smplus 
result*. Appbntion* to both discrete and ccntinuou* decaion* arc 
illustrated. 


This paper descnbes a new ptxicess for making social choices, one that 
IS superior to other processes that have been suggested. The method ia 
immune to strategic maneuvering on the part of individual voters. It 
avoids the conditions of the Arrow theorem by using more infmmatioo 
than the rank orders of preferences, and selects a unique point on or 
“almost on" the Pareto-optimal frontier, one that maximises or “almost 
maximizes" the consumer surplus of society. Subject to any given dis¬ 
tribution of wealth, the process may be used to approximate the lindahl 
equilibrium for all public goods.* 

These arc strong claims, and it is therefore only sensible to begin this 
paper by pointing out that the process will not cure cancer, stop the 
tides, or, indeed, deal successfully with many other problems. As for as 
we know, all existing social-choice processes are sutgect to ciqsioitatian 
by suitably designed coalitions. This process is no cxcq>tion. In addition, 
as in all democratic voting processes, voten are undeiinotivated to 

‘ Tbe method i* aim apphcable to deemon* about i i wmne and wealth redat tibuU ou, 
imtead of leaving that inue aiide in the cooventkainl manner. It can be wed to cMera 
the com p et i livene** of market*, and it provide* a welfeie c rit e ri o n mperior, in ear 
opinion, to Pareto optiniaUty. AU of Iheae matten anri be de fc ned far tato pehiirari o ti 
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invest time and effort in a comparative evaluation of alternatives. The 
motives they are given for making sensible decisions are somewhat 
stronger than those for persons engaging In voting under majority rule, 
but voters will be asked to do more in the way of expressing their prefer¬ 
ences than simply saying yes or no Therefore, it is not clear whether 
the lack of an incentive to vote is more or less of a handicap for this 
process than it is for ordinary voting processes 

The process may be described most generally as a demand-revealing 
process It relies on what might be called an incomplete compensation 
mechanism that appears to have been first described by Vickrey (1961) 
in the context of optimum counterspeculation policy for a socialist 
economy. The essence of the mechanism is that each person is paid for 
the benefits (or pays the costs) of his actions, but no one is chained (or 
credited) as required for budget balance Vickrey showed that it would 
be possible to motivate individuals to reveal their true supply and demand 
schedules for a private good by paying each person the net increase in 
the sum of the producer and consumer surpluses of other persons in the 
market that resulted from the supply or demand schedule that the one 
person reported. Vickrey noted that there would be a problem of financing 
such a system, since it would generate a defiat. He did not discuss the 
potential application of such a system to public goods 

Two persons who were unaware of each other’s work or Vickrey’s 
discovered the applicability of a similar compensation mechanism to the 
problem of mouvating individuals to reveal their true demands for public 
goods The first to publish was Edward Clarke (1971, 1972), whose papers 
until now have made very little impact on the economics profession The 
lack of impact can be attributed partly to the nature of the idea that 
Clarke put forward, which is counterintuitive to almost any welfare 
economist, and partly to Clarke’s difficult writing style. The second 
person was Theodore Groves. In one paper (Groves 1973) he offered a 
mathematically rigorous treatment of a procedure like Vickrey’s for 
allocating scarce private goods within an organization. More recently 
Groves and Loeb (1975) published a procedure isomorphic to Clarke’s 
for selectmg the optimal quantities of public goods. Our objectives in this 
paper are to provide a clear explanation of the demand-revealing process 
as it applies to public goods and to extend the understanding of the 
process on several froncs. 

While, as Bowen (1943) showed, msyority rule is efficient if the intensity 
of voters’ preferences is distributed symmetrically, the demand-revealing 
process does not require for its efficiency any restriction on the distribution 
of intensities of voters’ preferences. Unlike the voting processes (Proposed 
by Thompson (196S), Drexe and de la Vallee Poussin (1971) and 
Tidcman (1972), the deomnd-revealing process requires no special 
behefs on the part of voters. Basically, it provides an environment in 



A PROasn FOR UAKINO SOCIAL CHOICES 


"47 

which each voter it motivated to reveal his preferences correctly. This it 
accomplished by the use of a special—indeed, bizarre—tax mechanism 
which rewards truthful presentation of preferences and penalizes con¬ 
cealment or falsification. 

In order to explain the process, we start not with the problem with 
which Clarke’s first papier dealt, the choices of the optimal amount of a 
single-dimensional pubhc good, but with the simpler case of a choice 
among discrete options, which Clarke’s second papier discussed cryptically. 
For simplicity, we shall start with two alternatives, which may be 
conceived of as two policies or two candidates We shall then show how 
the process can be extended to more than two options Having introduced 
the subject with these simple examples, we shall then turn to the choice 
of the optimal amount of a pubhc good. 


Choice between Two Options 

Suppiose that a collective choice must be made between two options, 
designated A and B The rule we describe involves asking each mdividual 
to state which option he prefers and the amount of money he is willing to 
piay to secure his preferred option instead of the other We shall show 
shortly why he would have an incentive to respond truthfully. In table 1, 
we show the “votes” of each of three voters for the two options Opuon A 
is worth a total of $70 to the persons who prefer it and is chosen by the 
rule because B is worth less to its propxinent. 

We now turn to why the voter is motivated to correctly state his 
preferences There is a “Clarke tax” to be levied, and, as we said befive. 
It IS a bizarre tax. We inquire with rcspiect to each voter what the outcome 
would have been if he had not voted For example, if voter 1 had not 
voted, then the outcome would have been that alternative A would have 
received $40 total and alternative B $60; hence, alternative B would 
have won. We charge voter 1 $20, the amount necessary to bung the 
“votes” for A up to equahty with the “votes” for B. By the same line ci 
reasomng, voter 3 piays a tax of $30 Voter 2 jiays no tax because his 
vote did not change the outcome Note that, had voter 1 understated his 
preference for A by an amount less than $10, he would have jiaid exactly 
the same tax as he did. If he had understated his preference for A by 
more than $10, B would have been selected. And voter I would prefer 
having A at the price of $20 to having B. Similarly, if a voter overstates 
his preferences, either the overstatement makes no difference in what it 
selected or what he piays or else (c.g., if voter 2 said B was worth $100 to 
him) he changes the result by his action and piays m<He for his dioioe 
than it is worth to him. 

To describe the decision rule generally, define as the sum over aQ 
voters who state a preference for A over B of the amounts they ofier to 
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TABLE t 

AooRaoAniio VtamaHost k» Two Opnom (nt Douam) 


VOTOl 

DimiusimAL Valubi or Omom 

A 

B 

1 . . 

30 

0 

2 . . 

0 

60 

3 . ... 

40 

0 

Total .. 

70 

60 


pay to have A instead of B. Define Sg similarly. The collective-choice rule 
will be to choose A it > Sg, choose B is .9, > and fhp a coin to 
decide if 5^ => Sg The incentive to respond truthfully is generated by a 
“Clarke tax,” a rule that a voter must pay a portion of his offer if and 
only if his vote changes the outcome Any voter who changes the outcome 
must pay {•S'^ — •S'd, calculated without his vote In the case of a tie that 
is decided by a coin toss, every voter on the side that wins the toss is 
regarded as having changed the outcome. If the result without a person’s 
vote is a tie, he pays nothing. 

In effect, this rule gives each voter the choice of (1) leaving the outcome 
where it would be without his vote or (2) changing it at a price of the 
reported net loss to other voters. If the value to a voter of his preferred 
outcome is less than the net value of the alternative to others, then he 
prefers (1), which occurs if he responds truthfully If his value is greater 
than the aggregate net value to others, then he prefers (2), which again 
is what occurs upon a truthful response. If his value exactly balances the 
net value reported by others, then he is indifferent between the two 
possibihues, and we flip a coin if he responds truthfully. A nontruthful 
response cannot benefit the respondent, and it carries a nsk of making 
him worse off than he would have been with the truth. If he understates 
his value, he may pass up an opportunity to obtain the result he desires 
at an attractive price If he overstates his value, he may wind up paying 
more than it is worth to him to have his choice. 

To characterize the rule m terms of property rights, one might call it 
“entitlement to the consequence of one’s abstention,” since the result 
that occurs if a voter abstains costs him nothing; while if his vote changes 
the collective choice, he must pay. This has a certain family resemblance 
to majority rule, where the voter’s only entitlement is to what a majority 
of persons other than himself want, except that, if all others de, he can 
decide the issue. '* 

Any money collected from voters in this system must be wasted or 
given to nonvoters to keep the incentives correct. If voters received the 
mtmey collected, the possibility of increasing their shares would distort 
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their incentives. However, if the revenue were simply divided equally 
among ail voters, the effective distortion would be minimal if there were 
more than 100 or so voters; with a large number of voters, it is most 
likely that no one vote will change the outcome, so that m most cases no 
taxes for voting will be collected. We will discuss the significance of the 
lack of budg;et balance in more detail in the context of decisions about 
continuous variables 

A serious problem in all voting systems is the weakness of the incentive 
to vote. The demand-revealing process is no exception. The <mly wholly 
instrumental reason for a person to vote is the possibihty that his vote will 
be decisive Failure to vote carries a risk of passing up a chance to alter 
the outcome at a favorable price, but the probability of being decisive is 
usually small enough so that people might still reasonably conclude that 
voting is not worth the effort Even if people do decide to vote, they are 
normally not motivated to give any serious study to their vote in collective 
decision processes, because the probable gam from acquiring further 
information or simply reflecting on the information already at hand is 
usually less than the cost Thus, ill-mformed voting is to be expected. Hie 
demand-revealing process is no exception to this general rule put fimvard 
by Downs (1957). 

It may seem that a person who sustains a large loss when his preference 
is not followed deserves compensation, but this cannot be given without 
mouvating an excessive statement of differential value If a voter expected 
to lose, an offer to compensate his loss would mouvate a statement firom 
him of a larger loss. In rq;ard to the uncompensated losses thsU arc 
produced, the demand-reveahng process is sinular to majority rule. In 
the latter, every voter must live with the choice of the majority. His only 
opportunity to be decisive on the issue is if there u an equal number of 
other voters on each side. Similarly, m the demand-revealing process, 
every voter must live with a finding that the aggregate value fdaced by 
others on the alternatives is opposed to his own interest, provided that he 
IS not willing to pay enough to give his preference the hi^ier aggregate 
value. 

It might be objected that the demand-revealing process would pennit 
confiscatory action. If there is a proposal to tear down one person’s 
house and make the site a piark, and if others report a greater gain from 
the park than the occupant’s loss, then the latter loses hu {xoperty. The 
demand-revealing process would indeed have this confiscatory chante' 
teristic if there were no constitutional limits on the propossds tiiat oooU 
be considered. In this respect, the system u again like nuyority nde, 
which has a similar confiscatory potential. It is r e aso n able to escpect that 
people making collective choices by the demand-revesding process wosild 
desire constitutional restnctuKis that would limit the potential Ibr overt 
redistribution. For instance, a proposal that a person’s property be talHB 
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for a public purpose might be admissible only if he would be given 
reasonable compensation 

Choices among Seversd Discrete Options 

We now show how a demand-revealing process operates when there are 
more than two discrete options In table 2 there are three voters, indicated 
by numbers, and three options, indicated by letters The numbers m 
table 2 have been obtained by simply adding a third opuon, C, to the 
two shown in table 1, while leaving the differential the voter is wilhng 
to pay for a choice between A and B the same as it was in table 1 The 
difference between the numbers associated with any two options is 
interpreted as the amount of money the voter is willing to pay to have 
the one option with the higher number instead of the other Whether or 
not this IS a legitimate interpretation will be discussed below 

It may be noted that the rank-order preferences generate cyclic 
choices when majority rule is used To determine the collective choice 
by the demand-revealing process, wc simply sum the columns and select 
the option with the highest total, which in this case is A There is no 
cycle, nor could there be, although a tie would be possible. 

The tax for each voter is calculated from the lower portion of table 2 
For the tax on voter 1, add up the sum of the other individuals’ votes 
Option C would have been chosen with $70 The tax on voter 1 would be 
$70 minus $40, or $30, and voter 1 is better off by $20 ($50 — $30) than 
he would have been by abstaining Note that if he had understated his 
preferences enough to avoid bemg taxed, for instance, if he had reported 
that A only benefited him $25, C would have been selected and voter 1 
would have been worse off than he was by correctly presenting his 
preferences In the case of voter 2, there is no tax because his vote does 
not change the outcome, and in the case of voter 3, there is a tax of $30 
($80 — $50), and he obtains a net benefit of $10 ($40 — $30) These 
taxes are fairly substantial, but that is because we have only a small 
number of voters With many voters, the probability is high that the total 
tax would be relatively miniscule if not zero 
We next inquire whether the proposed method produces results that 
are “independent of irrelevant alternatives ” If option C is dropped from 
the example in table 2, what difference would it make^ Consider voter 1 
first. He reports a differential value of $30 for A over B in table 2 If C 
were dropped from consideration, voter 1 would no longer have to offer 
$50 for A instead of C He would be richer, and he might spend some 
of his additional wealth to increase his offer with respect to A instead of B, 
say, from $30 to $32 Such wealth effects could conceivably change the 
result. 
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TABLE 2 


AookBOATWo PunMNOi Thus Ottiom* (m Douau) 


VOTOl 

Ooteuntial Vazahs or Ornora 


Net Bekeeit 
OF Vormo 

A 

B 

C 

Tax 

1 

50 

20 

0 

30 

20 

2 

0 

60 

20 

0 

0 

3 

40 

0 

50 

30 

10 

Toul . 

90 

80 

70 




Total without Indicated Votes 


For 1- 2 + 3 

40 

60 

70 

For 2 1+3 

90 

20 

50 

For 3 1+2 

50 

80 

20 


We do not, however, think that this is what is normally meant by a 
dependence on irrelevant alternatives Option C is relevant because its 
presence or absence aflfects the wealth of voter 1 If A owns a pizza den 
and is negotiating with B for its sale and C builds another pizza restaurant 
directly across the street, this will clearly affect the bargain between A 
and B However, we do not think that it would be proper to say that this 
was a situation which “lacked independence of irrelevant alternatives.” 
In view of the general controversies surrounding this particular cntcrion 
of the Arrow theorem, however, we should like to simply discuss the 
wealth effect in the demand-revealing process rather than attempt to 
clear up the linguistic problem 

To put the matter another way, when we insist that each voter arrange 
the options on a linear scale, so that the difference between the numbers 
on the scale for any piair of options represents what he is willing to pay 
to have one option instead of the other, we leave no room for wealth 
effects It may be that voter I's true willingness to pay is $22 for B instead 
of C tmd $32 for A instead of B, but only $50 (rather than $54) for A 
instead of C, because if he has to pay $22 to get from C to B, he is poorer 
than if he starts at B With his lower wealth, it is not irrational for him 
to be willing to spend only $28 rather than $32, at that point, to get from B 
to A The linear scale docs not permit voter 1 to report these wealth 
effects, so he compromises by reporting the values in table 2 

It might be proposed that voters be asked to report their prefcrencct 
among all pairs so that wealth effects could be uken uito account in the 
decision process However, to do that would be to reintroduce a possibility 
of cycles. Consider the two voters shown in table 3. 

Voter 1 has the preferences described earlier. Voter 2 has preferences 
in the opposite order, of approximately the same magnitude but with 
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TABLE 8 


THb Fomibia Cyou in Thkeb OrnoNi (m Oollam) 



A against B 

B against G 

A against C 

1 

32 

0 

22 

0 

50 

0 

2 ... 

0 

31 

0 

21 

0 

51 


less nonlinearity from wealth efiects When the preferences are summed, 
we find a collective choice for A over B and B over C, but also for C 
over A This problem of intransitivity might be resolved by applying 
some analytic device such as the “tournament matrix” described by 
Moon and Pullman (1970), but it is not clear how the Clarke tax would 
then be calculated. Furthermore, as long as there were cycles, there 
would be incentives for strategic misstatements Therefore, it may be 
best to require each voter to submit a linearized statement of his pref¬ 
erences, letting him make the necessary approximations there Then if he 
can guess which option would be selected without his vote, it will be in 
his interest to present comparisons with respect to that option truthfully. 

A Simple Continuous Application 

We now proceed with the specific case Clarke presented in his Publu 
Choice article (1971). Assume there is some public good which can be 
purchased in any desired quantity For the purpose of graphic ease, we 
assume that it is sold in units which cost $1, no matter how many arc 
purchased, so that the line at $i/unit on figure 1 represents the social 
cost schedule for purchasing different quantities The first stage in 
Clarke’s process is to assign to each voter his share of the total cost Let us 
temporarily assume this share is assigned arbitrarily, and for the tth voter 
the share is the line shown at Pj. Later we will discuss how it is possible 
to approximate the Lindahl condition m the allocation of these shares 
The voters arc now asked to state their demand curves for the public 
good. Voter I’s curve is shown as Z),. These curves arc then summed 
vertically to get the aggregate demand (aggregate willingness to pay) 
curve AD. The point where the sura crosses the cost curve, that is, the 
$l/unit line, is the efficient quantity of public good to purchase. This is, 
of course, the Samuelson equilibrium and has many fine properties, 
although not as many as the Lindahl equilibrium, toward which we shall 
move shortly. ^ 

How do we motivate voter i, and indeed all of the other voters, to 
correctly reveal their true demand curves? The answer is by telling each 
voter he will be subject to a Clarke tax, calculated as fiillows. When all 
the ballots are received, the tax for voter 1 will be calculated by summing 
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UNITS OF A PUBLIC GOOD 


Fia. 1 —The tax on a penon wboae benefit exceedi hu aaigned tax ihare 


(vertically) the demand curves of all of the voters other than», generating 
the curve AD-Di, and finding the intersection between that curve and 
the line $1-/*,, which is the share of the tax cost that all voters other 
than I will pay The intersection in figure 1 occurs at quantity A. Thu is 
the quanUty of the public good that would be purchased if i reported a 
perfectly elastic (i e, horizontal) demand schedule, identical to his cost 
share Such a vote, offering to pay one’s assigned share of whatever 
quantity others desire to purchase, is the analogue for continuous choices 
of abstaimng in discrete choices. With voter i “abstaining,” the revealed 
demand (of others) would intersect their share of cost at A, lutd s’s 
payment would be the rectangle to the left of A and below Ff. In order 
to compute I’s tax when he does not “abstain,” we determine from the 
curve AD-D, the amount of compensation that voter i would have to pay 
to keep all other voters indifferent to any change from quantity A. The 
reqmred compensation per umt at any quantity b the difference at that 
quantity between the total cost and the aggregate willingness of others to 
pay. We call the schedule of such amounts, calculated as $1 — (AD — DJ, 
a synthetic supply schedule. It can be thought of as the net maiginal 
social cost of supplying i with additional umts of the pubhc good after 
allowing a credit against the gross cost for the value of the good to others. 
Thu schedule is shown as line SS, in figure 1. The schedule b a mirror 
image of AD-Di. In thu example, we assume that i has a lusher 
willingness to pay thsui his cost share at A. Thb implies that the efibet 
of including hb demand u to increase the quantity. The interseetkn of 
the synthetic supply curve and s'’8 demand is at the quantity Q, and that 
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is the optimal amount of the public good, because that is also the quantity 
where AD intersects the $1 line. 

The amount that would have to be paid to individuals other than i in 
order to make them indifferent to the move from ^4 to <? is represented by 
the area under iS^j, while the gpiin to voter t is the area under his demand 
curve. Voter t pays a composite tax which is the standard piayment if he 
abstained plus the Clarke tax area under SSi from A to Q. The total tax 
is equivalent to his assigned share of the cost of Q units of the public good 
(the rectangle to the left of line Q and below P,) plus the shaded triangle 
yVXY The sum of such rectangles for all voters is enough to pay the total 
cost of the public good, the shaded triangle and corresjxinding amounts 
for other voters must be wasted or given to nonvoters to keep all the 
incentives correct ^ 

Suppose that voter t had misstated his demand curve in an effort to 
increase his net benefit. The benefit he has obtained from voting is the 
triangle iVYZ Clearly, stating his demand as less than it actually is 
would reduce the size of his triangle On the other hand, if he stated his 
demand schedule as higher than it actually is, so that the quantity 
chosen would be, say, Q', his additional taxes would be QQ'RY while his 
additional benefits would be only QQ'NY He is best off correctly present¬ 
ing his demand curve 

It must be mentioned that there is a very slight conceptual problem in 
the specification of these demand curves Quantity demanded depends 
on income as well as price, and one determinant of a person’s income is 
the Clarke tax he must pay Since one person’s Clarke tax depends on 
the demand curves specified by others, each person could logically say 
that he could not specify his demand curve until all others had done so 
This is not a practical problem, however, because the Clarke tax, as we 
show below, is very small, and in most cases the uncertainty in the 
Clarke tax is very small, since it depends only on the elasticity of the 
aggregate wilhngness to pay of other voters, and in any event people 
can simply be directed to report demand curves that reflect their best 
guesses about their incomes 

In figure 2, we assume that j, given his tax share, wants less than that 
amount of the public good which the other voters would choose. As m 
figure 1,represents his true demand for the public good, and quantity A 
represents the amount which would be purchased if he chose to abstain, 
that is, the point where the sum of the demand curves of all the other 
voters intersects the sum of their shares of the tax price. Line SSj in this 
case, as in figure I, represents the rate of compensation per unit which it 
would be necessary to pay the other voters to compiensate them fbr any 

^ One pOMibility for avoiding waste would be for pain of communities to agree to 
exchange their coUectiafit of excess revenues. 
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change from point A in the amount of the public good. To the left ofpomt 
A, SSj may be interpreted as the rate of reduction in taxes for j that can be 
granted while reducing the quantity of the public good and reducing 
taxes for others by the full amount of the loss of income that they 
experience As in figure 1, this compensation is not actually going to be 
paid, but voter j will be taxed this amount 

Once again, the point of intersection between j’s demand curve and the 
synthetic supply curve represents the optimal quantity of the public 
good, Q, which IS also the quantity at which AD mtersects the $i/umt 
line In this case, Q is less than would be chosen if voter j abstamed. Voter 
J then pays a tax which is equal to the rectangle to the left of hne Q 
and below his tax share, plus the shaded triangle The rectangle is enough 
to pay his share of the cost of provision of the public good, the shaded 
triangle, once again, is wasted or given to nonvoters We will leave to the 
reader the demonstration that the correct presentation of his demand 
curve will maximize his welfare under these circumstances. It is essentially 
the same as the demonstration for figure 1 

What is true for voters i and j is true for all voters. They are motivated 
by this peculiar tax procedure to present accurately their true demand 
curves The mouvation, however, represented by triangle WYZ in 
figure 1, would normally be very small, about the same as the area of the 
shaded triangle. 

To see how small the Clarke taxes would be, note that the shaded 
triangle in figure 2 is a mirror image of the one with sides labeled A/* and 
AQ. If the eiasuaty of AD — is if, then AQ ■= ifQAi’/{l — Pj), so 
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that the area of the triangle is l/2i;(J(AP)*/(l - Pj). The denominator 
approaches 1 as the number of voters increases, so that if t\ is on the order 
of magmtude of 2, then each voter’s Clarke tax is roughly Q(A/*)^. The 
values of A/* would be related to the number of voters {N) ; it would be 
implausible for the average value of (A/*)* to be greater than 
Thus, the typical voter, whose share of the resource cost is QIN, has a 
Clarke tax on the order of magnitude oiXjN times his resource cost, and 
the sum of all Clarke taxes is on the order of magnitude of one voter’s 
taxes Thus, if the citizens of the United States were voUng on the annual 
federal budget, the grand total of all the Clarke taxes charged would be 
in the neighborhood of $2,000, or about one-thousandth of a penny per 
person 

As the triangles go to zero, the motivation for taking the trouble to 
present one’s demand curve goes to zero The method is cheat-proof and 
generates the socially optimal quantity of the public good when every 
voter maximizes his self-interest, but when N is large the Downs paradox 
IS present. voters have almost no incentive to vote 

Since the excess revenues generated by the process arc so very small, 
and certainly less than the administrative cost for any situation with 
more than a very small number of persons, the excess revenues deserve to 
be Ignored This may be rather untidy, but it is normal in welfare 
economics to ignore the cost of reaching a decision If the Clarke tax is 
considered as part of the cost of making the decision, then it should be 
Ignored. Contrarily, if it is not ignored, the cost of the processes of reaching 
decision rules by other processes should also be included We feel that our 
suggestion of simply wasting the extra revenue rather than searching for 
some complex budget-balancmg process which might or might not 
achieve the same result is an important contribution It is also one of the 
reasons why it is so hard for welfare economists (ourselves included) to feel 
at home with the process. 

So far, we have generated the Samuelson equilibrium; we now indicate 
how the Lindahl equihbrium may be approximated To this point, we 
have simply assigned the base share of the total expenditure for the 
individual in an arbitrary manner Suppose that, instead of assigning 
It arbitranly, we appoint someone to do this, with the stipulation that 
from his pay we are going to subtract some multiple of the sum of the 
triangles for all of the voters.^ The person assigning the fixed shares 
would be motivated to try to minimize the triangles. In the limit, if he 
were able to perfeedy achieve his goal, there would be no triangles and 
no loss, we would have a perfect Lmdahl equilibrium, with eaci^ voter 
paying for pubhc goods according to his marginal evaluation. 

* FrobaUy the best way of selectuig the "tax setter” would be to soUat bids. 
Precautions against bnbery would, of couise, be nectmry. 
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It is unlikely that the official allocating the shares could do this per¬ 
fectly, but he might be able to do quite well with advanced econometric 
methods It should be emphasized, however, that there is one piece of 
information he cannot use m assigning the tax share of any individual' 
that individual’s performance on previous choices The voter, in making 
his choices on each individual decision, must not be able to offset against 
the optimality conditions for that particular choice the prospect of 
changing his base tax share in the future, because this would motivate 
him to nusstate his demand curve 

As in all voting methods, there is a possibility for coalitions to distort 
the result In particular, consider the strati^ for a coalition of N persons 
whose equal benefits are greater than their equal tax shares In figure 3, 
the demand schedule of voter t, D„ is shown as a horizontal line because 
changes in the height would generally be negligible over the range of 
potential effects he and his coalition could have The higher line, D^, 
represents the demand that t would express taking account of the benefit 
of D, — P( that each member of his coalition would receive for each unit 
increase in the quanUty chosen The distance from A to S is tunes as 
far as the distance from A to Q, where the outcome would have been 
moved by an honest vote With N persons in the coaliuon voting thu way, 
the effect is to move the choice N(N — 1) times the distance from Ato Q, 
compared with honest voting The gross benefit of the coalition activity 
to each member, in terms of benefits not paid for by his standard tax 
share, is N(N — 1)(D/ — Pi){Q — A), which u the area of the shaded 
rectangle Eiach member’s extra tax from coahuon activity, apart fivra 
his standard tax share, is that poruon of the shaded rectangle that u bdow 
the synthetic supply schedule Thus, the net benefit of coahtion activity 
to each member is a triangle like that in the upper left comer of the 
shaded rectangle, the area of which is proportional to (X — 1)^ and to 
(D, — Pf) * Thus, the benefit of forming coalitions vanes with the square 
of the errors in tax shares and with the square of the number of members 
minus one Voters whose tax shares overstate their benefits have a s im i l a r 
opportunity to form coalitions that multiply the understatements of their 
demands 

In this example, we have assumed that the only thing chosen is the 
umdimensional quantity of one public good One of the convenient 
characteristics of the demand-revealing process is that it is not necessary 
to restram voting to one issue at a time A muludimensional pubhc good 
or several pubhc goods or pubhc goods plut candidates can all be dealt 
with simultaneously In general, it is much harder to organize ooal itkm a 
in cases where the choice is not unidimensionaJ This is not to say that 
it is impossible Still, we suspect that the demand-revealing process is 
rather less susceptible to coalition distortion than most voting m et h ods. 

The extension of the voting method to choices for more than one good 
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UNITS OF A PUBLIC GOOD 

Fio 3 —The strategic calculation of a coalition 


IS straightforward if the chosen quantity of one public good has no impact 
on demands for other public goods. However, if the chosen quantity of 
some goods affects the demands for other goods, a simultaneous solution is 
needed One could ignore the interactions in the choice procedure and 
rely on individuals to make estimates of the quantities of other goods that 
would be chosen in reporting their demand schedules, but any mis¬ 
estimates by voters would lead to unnecessary inefficiencies 

At a conceptual level, one could ask all voters to report their marginal 
valuation schedules for each good at every combination of quantities of 
other public goods, although the data problem if this were really attempted 
would be unmanageable If it were not impossible to obtain and operate 
on the data, the identification of an equilibrium where the appropriate 
marginal conditions were all satisfied simultaneously would be essentially 
no different from calculating a competitive equilibrium for private goods 
Groves and Ledyard (1975) developed the theoretical foundations of such 
a system in detail 

In later publications,* we propose to apply the process to a number of 
other problems such as income redistribution, badly behaved demand 
curves, and use as a welfare indicator We will also discuss its practical 
application in realistic government structure The purpose of this paper, 
however, has been to explain the system and to demonstrate that it 
solves a number of problems previously thought to be unsolvable The 
process docs not violate the Arrow theorem, but it avoids the problems 
of the Arrow theorem by not meeung Arrow’s assumptions However, it 
seems to us that, if the Arrow theorem is considered as a result that 
suggests that a good voting process cannot be devised, then the real 
problem raised by Arrow is solved by this process. 

* Mimeographed preliminary drafts are available on request. 



A PROCEIS FOR UAKINO SOaAL CHOICES 
References 


”59 


Bowen, H. R. “The Interpretation of Voting in the Allocation of Econoxric 
Resources.” Q J.E. 58 (November 1943) 32-42 
Qarkc, E. H. “Multipart Pricing of Public Goods ” Publu Choice 11 (Fall 1971). 
17-33. 

-. “Multipart Pncing of Public Goods An Example ” In Publu Pruts for 

Publu Products, edited by S. Mushkm. Washington Urban Inst, 1972. 
Downs, A An Economu Theory of Democraty. New York Harper & Row, 1957. 
Dreze, J H, and de la Vallee Poussin, D “A T&tonnement Process for Public 
Goods.” Rev. Eton Studies 38 (April 1971) 133-50 
Groves, T “Incentives in Teams ” Econometrua 41 (July 1973) 617-33 
Groves, T., and Ledyard, J “Optimal Allocation of Public Goods A Solution 
to the ‘Free Rider Problem’” Discussion paper 144 Center Math. Studies 
Econ and Management Sci, Northwestern Umv, May 1975 
Groves, T , and Loeb, M “Incentives and Public Inputs ” J Publu Econ. 4 
(August 1975) 211-26 

Moon, J W , and Pullman, N J “On Generalized Tournament Matrices ” 
SIAM Rev 12 (July 1970)- 389-94. 

Thompson, E. “A Pareto Optimal Group Decision Process.” Papers on Non-Meuket 
Decision Making 1 (1%5) 133-40 

Tideman, T N “The Efficient Provision of Public Goods ” In Pubbe Pnees for 
Public Products, edited by S Mushkm Washington Urban Inst, 1972 
Vickrey, W. “Counterspecuiation, Auctions, and Competitive Sealed Tenders ” 
J. Finance 16 (May 1961) • 8-37. 




Expectations and Exchange 
Rate Dynamics 


Rudiger Dornbusch 

Maaachmttts InsMutt cf Tichnal/ig/ 


The paper developi a theory of exchange rate movementi under perCact 
capital mobility, a ilow adjustment of goods markets relative to asMt 
markets, and consistent expectations. The perfect foresight path is 
derived and it is shown that along that path a monetary expansion causes 
the exchange rate to depreciate. .An imtial overshooting of exchange rates 
IS shown to derive from the difTerentiaJ adjustment speed of markets. The 
magnitude and persistence of the overshooting is developed m terms of 
the structural parameters of the model. To the extent that output 
responds to a monetary expansion m the short run, this acts as a dampen¬ 
ing effect on exchange depreciation and may, in fact, lead to an increase 
in interest rates 


I. latrodnctitm 

The paper develops a simple macroeconomic Eramework for the study of 
exchange rate movements The purpose is to develop a theory that is 
suggestive of the observed large fluctuations m exchange rates while at 
the same time establishing that such exchange rate movements are con¬ 
sistent with rational expectations formation In developing a formal model 
we draw on the role of asset markets, capital mobility, and expectations 
that have been emphasized in recent literature.* We draw, too, on the foct 

I am indebted to Stanley Black, Franco Modigliam, and Edward Tower who provided 
the ttimuhii for ihu paper In revuiog vanoui drafte I have bad the benefit of many 
comments I with, in particular, to acknowledge the bdpfiil wggettioM I have reoaved 
fium Wilfied Etlder, Stanley Fiicber, Jacob Frcnkd, and the thoughtful remarks of 
two anonymoui refaees. Financial support was provided by a grant from (he Ford 
FoundaUoo 

‘ For recent work on flexible exchange rates that shares some of the premnt rmph a n s, 
see Bbck (1979, 1973), Hendetsoa (1973), Nieham (1975), Oorabusch (1976s, 1976*). 
Frenkel (1976), Koun (1976), and Mum (1976). Ihe clasnes remam F1cmii« (1962) 
and MundeU (1964, 1968). 
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of differential adjustment speeds in goods and asset markets. In fact, the 
dynamic aspects of exchange rale determination in this model arise fit>m 
the assumption that exchange rates and asset markets adjust fast relative 
to goods markets 

The adjustment process to a monetary expansion in this framework 
serves to identify several features that arc suggestive of recent currency 
experience In the short run, a monetary expansion is shown to induce an 
immediate depieciauon in the exchange rate and accounts therefore for 
fluctuations in the exchange rate and the terms of trade Second, during 
the adjustment process, rising prices may be accompanied by an appre¬ 
ciating exchange late so that the trend behavior of exchange rates stands 
potentially in strong contrast with the cyclical behavior of exchange rates 
and prices The third aspect of the adjustment process is a direct effect of 
the exchange rate on domestic inflation In this context the exchange rate 
IS identified as a critical channel for the transmission of monetary jjolicy 
to aggregate demand for domestic output 

The effect of monetary policy on interest rates and exchange rates is 
significantly affected by the behavior of real output. If real output is 
fixed, a monetary expansion will, in the short run, lower interest rates and 
cause the exchange rate to overshoot its long-run depreciation If output, 
on the contrary, responds to aggregratc demand, the exchange rate and 
interest rate changes will be dampened While the exchange rate will still 
depreciate, it may no longer overshoot, and interest rates may actually rise 

In Part II we develop a formal model in terms of explicit functional 
forms I'hat development allows us to derive an analytical solution for the 
time path of variables and, in Part III, for the expectations that generate 
the perfect foresight path In Part IV, the model is used to investigate 
the effects of a monetary disturbance While the major part of the analysis 
is developed for the case of fixed output, an extension to variable output is 
mtroduced in Part V 

n. The Model 

We will assume a country that is small in the world capital market so 
that It faces a given interest rate Capital mobility will ensure the equaliza¬ 
tion of expected net yields so that the domestic interest rate, less the 
expected rate of depreciation, will equal the world rate. In the goods 
market we will assume that the world price of imports u given. Domestic 
output IS an impertect substitute for imports, and aggregate demand for 
domestic goods, therefore, will determine their absolute and relative price. 

A Capital Mobility and Expectations 

Assets denommated in terms of domestic and foreign currency are assumed 
to be perfect subsdtutes given a proper premium to of&et anticipated 
exchange rate changes. Accordingly, if the domestic cuirency it expected 
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to depreciate, interest rates on assets denominated m terms of domestic 
currency wdJ exceed those abroad by the expected rate of depreciation. 
That relationship u expressed in (1) where r is the domestic interest rate, 
r* is the given world rate of interest, and x is the expected rate of de¬ 
preciation of the domestic currency, or the expected rate of increase of 
the domestic currency price of foreign exchange 

r = r* + X (1) 

Equation (1) is a representation of perfect capital mobility, and it b 
assumed that incipient capiul flows will ensure that (1) holds at all times 
Consider next expectations formation Here we distinguish between 
the long-run exchange rate, to which the economy will ultimately con¬ 
verge, and the current exchange rate Denoting the loganthms of the 
current and long-run rate by e and i, respectively, we assume that 

x = 9(i- e) (2) 

Equation (2) states that the expected rate of depreciation of the spot rate 
IS proportional to the discrepancy between the long-run rate and the 
current spot rate The coefficient of adjustment 0 is for the present talcen 
as a parameter The long-run exchange rate is assumed known, and an 
expression for it will be developed below We note further that, while 
expectations formation according to (2) may appear ad hoc, it will 
actually be consistent with perfect foresight, as shown m Part 111 

B The Money Aiarket 

The domestic interest rate is determined by the condition of cquihbnum 
in the domestic money market The demand for real money balances is 
assumed to depend on the domestic interest rate and real income and will, 
in equihbnum, equal the real money supply Assuming a convenUonal 
demand for money, the log of which is linear in the log of real income and 
in interest rates, we have* 

-Xr + 4>y = m - p, (3) 

where m, p, and denote the logs of the nominal quanuty of money, the 
price level, and real income For the remainder of this part we will take 
the nonunal quantity of money and the level of real income as given 
Combining (1), (2), and (3) will give us a relauonship between the 
spot exchange rate, the price level, and the long-run exchange rate, gtem 
that the money market clears and net asset yields are equalized; 

p — m = —4)y + Xr* + — t). (4) 

> Equsuon (3) u obtained by taking the loganthm of the money naiket eqoiliMium 
condition MjP « Y* exp ( — ib). 
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Equation (4) can be simplified by noting that with a stationary money 
supply long-run equilibrium will imply equality between interest rates, 
because current and expected exchange rates are equal. This implies that 
the long-run equilibrium price level, /, will equal 

p = m + {Xr* — (5) 

Substituting (3) in (4) gives us a relationship between the exchange rate 
and the price level 

s = # - (llX9){p - P) (6) 

Equation (6) is one of the key equations of the model. For given long-run 
values of exchange rates and prices, it serves to determine the current 
spot price of foreign exchange as a function of the current level of prices 
Given the level of prices, we have a domestic interest rate and an interest 
differential Given the long-run exchange rate, there is a unique level of 
the spot rate such that the expected appreciation, or depreciation, 
matches the interest differential An increase in the price level, because it 
raises interest rates, gives rise to an incipient capital inflow that will 
appreciate the spot rate to the point where the anticipated depreciation 
exactly offsets the increase in domestic interest rates, 

C, The Goods Market 

The demand for domestic output depends on the relative price of 
domestic goods, e — p, interest rates, and real income The demand func¬ 
tion is assumed to have the form 

In Z) = u + yy - err, (7) 

where D denotes the demand for domestic output and where » is a shift 
parameter * From (7) we note that a decrease m the relative pnee of 
domestic goods raises demand, as docs an increase in income or a reduc¬ 
tion in interest rates. The rate of mcreasc in the price of domestic goods, 
p, is described in (8) as proportional to an excess demand measure 

^ = 7 : In (Z>/y) = 7t[a -h 5{e -/’) + (?- 1)^ - ar] (8) 

* In (3) we assumed that the appropnate deflator for money balance u the price of 
domestic output An alternative u provided by a deflator that u a weighted average of 
domesuc and import prices. In such a formulation the “price level," j, could be written 
as 7 •> 0^ + (1 — a)(, where a and (I — c) are the expenditure shares of domestic 
goods and imports. With such a formulation (6) would be amended to the fallowing 
equation; e <*• ! - p(p - p), where P ■ al[i8 + (1 - «)]• None of the quahunve 
results desenbed below would be affected by this extension. 

* The complete relative price argument in (7) a (e + p* — p) where p* u the log¬ 
arithm of the foreign price level. Setting the foreign price level equal to umty implies 
that p» m 0. 
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We note that the long-run equilibrium exchange rate impl^H by (8) is^ 

/ » / + + (1 - y)j’ - u], (9) 

where p is defined in (5) From (9) it is apparent that the long-run 
exchange rate depends with the conventional homogeneity properties on 
monetary variables, but obviously on real variables, too 

The price equation in (8) can be simplified by using the definition of 
the long-run rate in (9) and the fact that interest differences equal 
expected depreciation, r — r* = 0(/ — r), to become* 

P = -x[(i -b a0)!eX + 5]ip -P) = -v{p - P), (10) 

where 

V = x[(<5 -b a&)m -b 5] (11) 

The pnee adjustment equation in (10) can be solved to yield 

/>(<) = P + {.Po- f) exp (-"O. (12) 

which shows that the pnee of domestic output wiU converge to its long-run 
level at a rate determined by (11) Substitution of (12) in (6) gives the 
time path of the exchange rate 

e{t) = i - (llXe){Po - p) exp (-tit) 

= / + («0 ~ 0 (~®0 

From (13) the exchange rate will likewise converge to its long-run level 
The rate will appreciate if prices arc imtially below their long-run level 
and, conversely, if pnees initially exceed their long-run level 


D Equiltbrtvm Exchange Rates 

The adjustment process of the economy can be described with the help 
of figure 1 At every pomt in time the money market clears and expected 
yields are arbitraged This implies a relationship between prices and the 
spot exchange rate shown in (6) and reflected in the QQ schedule in 
figure 1. The positively sloped schedule p = 0 shows combinaDons of 
price leveb and exchange rates for which the goods market and money 
market are in equihbnum ’ Points above and to the left of that schedule 

» Equauon (9) u obtained by KtUng ^ <= 0 and r = r» as u appropnau; tor the kmg 
run where markets clear and exchange rates are constant 

* In (8) aggregate demand depends on the nominal interest rale. An alternative 
formulation allows aggregate demand to depend on the real interest rate, r — p. Such 
a formulabon requires that we subitttute p s a/(l — oa) > 0 in place of a in (11} aiul 
theequabbns below Therestncuon that p > Oa required for ttabihty. 

’’ The ^ w 0 schedule represents combined goods- and money-nuurket equUifamsm. 
Setting j»’ 0 in (8) and subsUluting for the domesuc interest rate from (3) ytekb Ae 

equation of the goisdt-market equilibrium schedule 

p - + a)]s + [«/(« + <r)]« + + »)][• + (« - 
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Fio I 


correspond to an excess supply of goods and falling prices Conversely, 
points to the right and below the schedule correspond to an excess 
demand The p — 0 schedule is positively sloped and flatter than a 45“’ 
line for the following reason * An increase in the exchange rate creates 
an excess demand for domestic goods by lowering their relative price 
To restore equilibrium, domestic prices will have to increase, though 
proportionately less, since an increase in domestic prices affects aggregate 
demand, both via the relative price effect and via higher interest rates. 

For any given price level the exchange rate adjusts instantaneously to 
clear the asset market Accordingly, we are continuously on the QQ 
schedule with money-market equilibnum and international arbitrage of 
net expected yields. Goods-market equilibnum, to the contrary, is only 
achieved in the long run Conditions in the goods market, however, arc 
critical in moving the economy to the long-run equilibnum by inducing 
rising or falling prices. Specifically, an initial position such as point B, 
with a price level below the long-run level and, correspondingly, an 
exchange rate m excess of the long-run equilibnum, implies an excess 
demand for goods because domestic output commands a low relative price 
and because the interest rate is low. Accordingly, pnees will be rising, 
thereby inducing over time a reduction in excess demand. The path of 
rising prices is accon^piuiied by an appreciation of the exchange rate. 
As interest rates rise, as a consequence of declining real balances, the spot 

* The 45*’ line in fig 1 u drawn through the origin on the tmamptian that, by appro¬ 
priate chiace of tinits, the pricei of both good* ate initially equal. 
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rate will approach the long-rua rate. Once the long-run equUibrium at 
point A is attained, interest rates are equal internationally, the goods 
market clear, prices are constant, and expected exchange rate changes 
are zero. 

IIL Consistent Expectations 

So far we have placed no restrictions on the formation of expectations 
other than the assumption that the expected rate of depreciation, as 
shown in (2) is proportional to the discrepancy between the long-run 
and the current exchange rate From (12) and (13.) we note that the rate 
at which prices and the exchange rate converge to equilibnum is given 
by V From (11) it is apparent that the rate of convergence is a function 
of the expectations coefficient, d 

Clearly, for the expectations formation process in (2) to correctly 
predict the actual path of exchange rates it must be true that 0 = v. 
Accordingly, the expectations coefficient, 6, that corresjxinds to perfect 
foresight, or, equivalently, that is consistent with the model is given by the 
solution to the equation 

0 = V s x[(d + a9)l0P. + S\ (14) 

The consistent expectations coefficient, S, obtained as the solution to (14), 
IS a function of the structural parameters of the economy® 

6{X, 8, <r, n) = ri((T/;. + d)/2 -I- [rt*(ffM + <5)^/4 + nSIXY^^. 

(15) 

Equation (15) gives the rate at which the economy will converge to long- 
run equihbnum along the perfect foresight path If expectations arc 
formed according to (2) and (15), exchange rate predictions will actually 
be borne out' ® The characteristics of the jierfect foresight path are that 
the economy will converge faster the lower the interest response of money 
demand and the higher the interest response of goods demand and the 
price elasticity of demand for domestic output The reason is simply that 
with a low interest response a given change in read balances will give rise 
to a large change in interest rates which, in combination with a high 
interest response of goods demand, will give nse to a large excess demand 
and therefore inflationary impact. Similarly, a large pnee elasticity serves 
to translate an exchange rate change into a large excess demand and, 
therefore, serves to speed up the adjustment process. 

* In (16) we have taken the pouuveanc! thercfoic liable root of the quadnbe equatton 
implied by (14) 

Perhaps a temark about the perfect foresi^l path u in order here. Why should that 
path command our interest rather than being a mere aowum? Tlic reason ts diat it is 
die only cxpectaUonal assumpUon that is not arbitrary (given the model) and that does 
not int^ve persistent prediction errors The perfect foresight pnth is, ohnnoudy, die 
deterministic equivalent of rational eipectaoont 
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rV. The Effects of a Monetary Expansion 

In this part we will study the adjustment process to a moneury expansion. 
The analysis serves to derive substantive results but also to highlight the 
manner in which expectations about the future path of the economy 
affect the current level of the exchange rate. This hnk is embodied in 
consistent expectations and makes the impact effect of a monetary 
disturbance depend on the entire structure of the economy 

In figure 2 we show the economy in initial full equilibrium at point A, 
with a long-run price level / and a corresponding long-run exchange rate 
e where the level of pnees is determined, according to (5), by the nominal 
quantity of money, real income, and the interest rate The long-run 
exchange rate by (9) will depend on the level of domestic prices and 
charactenstics of the demand for domestic goods. The asset-market 
equilibrium schedule QQ that combines monetary equilibrium and 
arbitrage of net expected yields is drawn for the initial nominal quantity 
of money 

An increase in the nominal quantity of money that is expected to 
persist will cause a goods and asset market disequilibrium at the initial 
exchange rate and price To mamtain asset-market equilibrium, the in¬ 
creased quantity of money would have to be matched by higher prices 
and/or a depreciation m the exchange rate The asset-market equilibrium 
schedule will shift out to Q'Q', a shift that is (proportionately) equal to 
the increase in the nommal quantity of money 

It IS immediately obvious that the new long-run equilibrium is at point 
C, where both goods and asset markets clear and exchange rate and 
price changes exaedy reflect the increase in money This long-run 
homogeneity result is not surprising, since there is no source of money 
illusion or long-run price rigidity in the system 

Consider next the adjustment process At the iniual level of prices, the 
monetary expansion reduces interest rates and leads to the anticipation 
of a depreciation m the long run and, therefore, at the current exchange 
rate, to the expiectation of a depreciating exchange rate Both factors serve 
to reduce the attractiveness of domestic assets, lead to an incipient capital 
outflow, and thus cause the spot rate to depreciate The extent of that 
depreciation has to be sufficient to give rise to the anticipation of appre- 
aation at just sufficient a rate to offset the reduced domesde interest rate 
The impact effect of a monetary expansion is, therefore, to induce an 
immediate depreciation in the spot rate and one that exceeds the long-run 
depreciation, since only under these circumstances will the pubhc an¬ 
ticipate an appreciating exchange rate and thus be compensated for the 
reduced interest on domestk assets. This is shown m figure 2 by the move 
from point A to the short-nut equilibnum at point B, 


We have not drawn in fig. 2, the ^ » 0 schedule It is apparent, however, Brom the 
homogeneity propemet of the model that the p <b 0 schedule will pass through point C. 
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From (4), noting that tU = dm = wc obtain a formal expression 
for the impact effect of a monetary expansion on the spot exchange rate- 

(Ujdm =1 + IjXe (16) 

Equation (16) confirms that in the short run the exchange rate will over¬ 
shoot The extent of the ovcrshooung will depend on the interest response 
of money demand and the expectations coefficient 

A high interest response of money demand will serve to dampen the 
overshooting because it implies that a given expansion in the (real) 
qusintity of money will only induce a small reduction in the interest rate. 
A small reduction in the interest rate in turn requires only a small ex¬ 
pectation of appreciation to offset it and therefore, given the coefficient 
of expectations and the long-run rate, only a small depreciation of the 
spot rate (in excess of the long-run rate) to generate that expectation. 
A similar interpretaUon applies to the coeffiaent of expectations in (16) 
It IS quite obvious from the preceding explanation that the short-term 
effects of a monetary expansion, in this model, arc entirely dominated by 
asset markets and, more specifically, by capital mobibty and expectations. 
This feature places in sharp rehef the assumption that asset markets and 
exchange rates adjust fast relative to the goods market and the price of 
domestic output It is under these circumstaiKcs that a change in the 
nominal quantity of money is, m fact, a change in the real quantity of 
money, and the spot rate adjustment serves to achieve equihbriom in ffie 
asset markets by creating the expectation of appreciation of just sufficient 
an extent to balance the reduced mterest rate on domestic assets. 

The interpretation of (16) has not so far used the restriction that 
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expectations be rational. That restriction is introduced by substituting 
(15) in (16) to obtain 


deldm = 1 + 1/Aff = 1 


1 

nia + 3X)I2 + [Jt*(<T + <5A)*/4 + 

(17) 


Equation (17) has two implications that cannot be denved from (16) 
The first is that with an interest response of money demand that 
approaches zero the initial depreciation remains finite and, in fact, ap¬ 
proaches deldm = 1 -f- 1 jno. This result reflects the fact that, for the large 
interest rate changes that would result in these circumstances, the subse¬ 
quent path of prices and the exchange rate is governed by the effect of 
interest rates on aggregate demand 

A second implication of (17) is the fact that the short-run overshooting 
of the exchange rate is inversely related to the speed of adjustment of the 
system, S That fact is particularly obvious for the case where the speed of 
adjustment of prices, n, becomes infinite and where, accordingly, the 
economy jumps instantaneously to the new long-run equilibrium at point 
C ‘ ^ More generally, those factors that serve to speed up the adjustment 
process, in particular high interest rate responsiveness of money demand, 
or aggregate spending, or high price elasticities, will therelore serve to 
dampen the impact effect of a monetary expansion on the exchange rate 
This effect relies entirely on expectations about the subsequent path of 
the economy, rather than on current interaction between goods and asset 
markets 

Consider next the adjustment process from the short-run market 
equilibrium at point B to long-run equilibrium at point C We note from 
figure 2 that at point B there is an excess demand for goods That excess 
demand arises both from the decline in domestic interest rates and from 
the depreciation in the exchange rate that lowers the relative price of 
domestic goods Each factor by itself is sufficient to account for this 
excess demand and, in fact, they constitute independent channels through 
which monetary changes affect demand for domestic output 

The exchange rate channel has been identified by Fleming and 
Mundell as an important avenue for monetary policy to act on aggregate 
demand.*^ In the present context the depreciation of the spot rate that is 
induced by the conditions of asset-market equilibrium serves to reduce 
the relative pnee of domestic goods and thereby to raise aggregate dc- 


' ^ The slope of the QQ schedule is dpjiU => — $X, and the schedule becomes veitical as 
6 approaches infinily 

In the Mundell-Fleming model with pnees and interest rates fixed, the depreciation 
by worsening the terms of trade creates the necessary increase in aggregate demand to 
support the higher level of income required by monetary equilibnum (for a further 
discussion see Niehans [1975] and Dombusch [1976]) 
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inand and give rise to inflationary pressure as opposed to an increase in 
output The importance of this channel is larger, the higher the price 
elasticity of demand relative to the interest response of aggregate spending. 

The lower interest rates and a lower relative price of domestic goods, 
that arc charactenstics of the impact effect, will cause domestic prices to 
nse and therefore be reflected in fallmg real money balances, rising interest 
rates, and an appreciating exchange rate The adjustment process of rising 
prices over time restores the economy to the initial real equilibrium An 
important feature of that adjustment process is the fact that nsing prices 
are accompanied by an appreciating exchange rate In terms of figure 2, 
this is described by the move along Q’Q' from B to C This result is due 
to the fact that rising prices cause the real money supply to be falhng and 
interest rates to be rising The rising interest rate, in turn, gives nse to an 
incipient capital inflow that appreciates the exchange rate at the same 
rate as interest rates are rising and thus maintains expected net yields in 
line The model therefore confirms the link between interest rates and 
exchange rates that is emphasized in ptopular interpretations of foreign 
exchange events The observation is correct, in the present circumstances, 
because rising interest rates are accompanied by the expectation of an 
appreciating exchange rate 

In summarizing this part we note that the ultimate effect of a monetary 
expansion is an cquipropwrtionate increase in prices and the exchange 
rate In the short run, however, the monetary expansion does exert real 
effects on interest rates, the terms of trade, and aggregate demand The 
details of the adjustment process will depend on the economic structure 
In particular, terms of trade changes will be both larger auid more 
persistent the lower the speed of adjustment, 9 

A key role in this analysis is played by the sluggish adjustment of prices 
as compared with asset markets There is no very piersuasive theoretical 
support for the slow adjustment of goods markets, but the facts clearly 
point in this direction While the differential adjustment speed lacks 
theoretical backing, it implies, nevertheless, a behavior of exchange rates 
that IS suggestive of recent expierience *■* 

V. Short-Run Adjustment in Output 

So far we have assumed that output is fixed at the fuli-employmcnt level, 
y. In the present part, the analysis is extended to allow for short-run 
adjustments in output in response to changes in aggregate demand 

An rxtenuon of this paper would draw in an rxphcit manner on stochosuc elements 
to provide a rationale for the ihort-run lUckinen of prices At the same time, such an 
extension would have interesting impbouoni for the msuiner in which expecta u oos ore 
fonned Exchange rate detemunauon in a stochosuc setting bos been studied by Biock 
(1973), Koun (1975), and Mussa (1976). Fischer (1976) has used a stochosuc fram e w ork 
to evaluate fix^ versus flexible exchange rale systenu 
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Therefore, we replace equation (8) by an equilibrium condition in the 
domestic goods market, 

y => ]xi D ^ u + 6{e — p) + yy - <rr, (18) 

where y is the log of the actual level of output that in the short run is 
demand determined In addition to (18), we require a price adjustment 
equation which is shown in (19) • 

i>^n{y-S) (19) 

Accordmg to (19) the rate of inflation is proportional to the discrepancy 
between actual and full employment, or “potential” output, ji This price 
adjustment equation is a combination of a relationship between wage 
and price inflation, a relation between wage inflation and unemployment 
as in a Phillips curve, and a relation between unemployment and the 
departure from potential output, as described by Okun’s law 

It IS shown in the Appendix below that the extension that incorporates 
(18) and (19) in place of(8) leaves most of the analysis of adjustments to a 
monetary increase unchanged In particular, the price adjustment will 
continue to be exponential although the speed of adjustment will depend 
now also on the income elasticities of demand for domestic goods amd real 
balances, y and <f> 

In the present framework it continues to be true that in the short run 
an increase in the nominal quantity of money is an increase m the real 
quantity of money Accordingly, a monetary expansion has the conven¬ 
tional efiect of increasing in the short run the level of output and inducing 
inflation. Since the inflation that is induced by the expansion in real 
output serves to raise over time the price level, real balances will decline 
back to their initial level until in the long run the expansion in money is 
fully matched by increased prices and output has returned to the full- 
employment level 

The impact effect of a monetary expansion on exchange rates and 
interest rates may, however, differ significantly from the analysis in 
Part IV The new possibility that arises from the expansion in output in 
the short run is that the exchange rate depreciation wiU fall short of the 
monetary expansion rather than exceed it as in (16). That possibility 
arises because, in the short run, the income expansion raises money 
demand and may do so sufficiently to actually increase interest rates 
If the output expansion were sufficiently strong to raise interest ^rates, 
equalizauon of net yields internationally would require the expectation 
of a depreciation and therefore a spot rate that falls short of the long-run 
equilibrium rate. Since the long-run equilibrium rate increases in the 
same proportion as the nominal quantity of money, it foUotvs that the 
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spot rate would increase less than the quantity of money. The condition 
that gives rise to this case is 

1 - - y) <0. (20) 

The term Sj{l — y) is the elasticity of cquihbnum output with respect 
to the exchange rate That term multiplied by the mcome elasticity of 
demand gives the increase in money demand due to a depreciation m the 
spot rate Accordingly, (20) tells us whether at constant interest rates, 
and allowing the exchange rate to depreciate in the same proportion as 
the increase in money, we have an excess demand or supply of money and, 
accordingly, an increase or decrease in interest rates The possibility of 
an excess demand and therefore an increase in interest rates is associated 
with a high income elasticity of money demand, high price elasticity, and 
a high income elasticity of demand for domestic goods 

The time path of exchange rates and the interest rate therefore depends 
on income and price elasticities, and the short-run overshooting of 
exchange rates is no longer a necessary feature of the adjustment process. 
In fact, if in the short run the interest rate rises and the exchange rate 
therefore depreciates less than proportionately to the increase in money, 
the adjustment process will be one of rising prices and a depreciating 
exchange rate In this event, therefore, terms of trade fluctuations will be 
dampened as compared with the case described earher where the exchange 
rate overshooting introduces large terms of trade variations m the adjust¬ 
ment process 

The analysis of a monetary expansion in this part confirms once more 
the Mundell-Fleming result that under conditions of capital mobihty and 
flexible rates a small country can conduct, in the short run, an effective 
monetary pohey More important, the exchange rate proves a cntical 
channel for the transmission of monetary changes to an increase in 
aggregate demand and output. That channel may, in fact, prove to be the 
only channel since, as was shown above, the interest rate may actually 
rise in the transition Unlike in the Mundell-Fleming world, extension of 
the analysis to the long run shows that the effects of a monetary expansion 
arc only transitory, since the inflation that is induced by the output 
expansion serves to reduce real balances and thereby return interest rates, 
relative prices, and real income to their miual level 

The possibility of short-run output adjustment has been shown to 
dampen exchange rate movements and possibly reverse the interest rate 
effects of a monetary expansion It is appropriate, therefore, to ask whkh 
of the assumption, fixed or variable output, u a more relevant character¬ 
istic of the adjustment process. The answer no doubt is that the fixed 
output adjustment is a suitable characterization of the very short runt. 
In the very short run we would not expect output to adjust instantaneously 
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to meet an increase m aggregate demand and, accordmgly, the adjust¬ 
ment will be primarily confined to the asset markets and will be character¬ 
ized by a decline in interest rates and overshooting of exchange rates. 
In the intermediate run, on the contrary, the present analysis gains 
relevance, since here we would expect an adjustment of both output and 
prices in response to increased aggregate demand On balance, therefore, 
the fixed output case retains relevance, and particularly so if output 
adjusts sluggishly to changes in aggregate demand 


Appendix 

This Appendix extends the model to include short-run supply responses For that 
purpose we replace the price adjustment equation in (8) by a goods-market 
equilibrium condition (Al) and a price equation (A2) 

j> = /i[u -t- S{t - p) ~ m], ti = 1/(1 - y) > 0, (Al) 

t> = n(y - y), (A2) 

where Ji denotes the full-employment level of output and where the pnee adjust¬ 
ment equation can be thought of as arising from a Philhps-curve relation between 
wage inflation and unemployment combined with an Okun’s-law relation between 
the deviation from potential output, ji — y, and unemployment ” 

The specifleauon of the money market and exchange rate expectations remains 
unchanged, and equation (4) that represents these relations is repeated here for 
convenience 

p — m + py => Ar* + BXiJi — e) (A3) 

NoUng that m long-run equilibrium we havcji = $ and r = r*, we obtain from 
(Al) the long-run goods-market relationship 

i = ji[« H- -P)- or*], (A4) 

and subtracting (A4) from (Al) we obtain the goods-market equilibrium con- 
diuon expressed in terms of deviations from long-run equilibrium, 

y ~ y = H{d + aB){f - f) + fiS{p - p), (A5) 

where we have used the fact that r* — r = 0(e — 1). 

Next we proceed in a similar manner for the money market and rewrite the 
equilibrium condition as 

-}) + {p - P) = A0(# - f). (A6) 

Equations (A5) and (A6) can be simultaneously solved to yield the spot exchange 
rate and the level of output as a funcuon of the existing price level These solutions 
are, respectively, 

y - y = -w{p - p). (A7) 

where 

HI H [jr(<5 ■+ Bn) -f jid0A]/A; A = ^ji(d + 6<r) -h 6X, 

and 

* _ , „ _[(l - ^jn5)/A]{p - P). (A8) 

' ’ To deal with steady-state inflation we would have to add in (A2} the long-run rate 
of inflauon vdiich is given by the rate of monetary growth, which m the present treatment 
is assumed equal to zero. 
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Substitution of (A7) ut (A2) yields the equilibnum rate of inflation as a function 
of the pnce level: 

/ = -Kw{p - f>). (A9) 

Following the procedure in Part III, rational expectations require that the 
expectations coefRaentf 9t equal the rate at which exchange rates actually 
adjust, nw. 

6 = nw, (AID) 

which can be solved for the rational expectations coefficient of adjustment, 0. 

Consider next the impact effect of a monetary expansion Retnembermg that 
in the long run an increase in money causes an cquiproportionate increase in 
prices and the exchange rate, we have <& = <// = dm Therefore, from (A8) we 
obtain the impact effect of a monetary expansion on the exchange rate as 

deldm = 1 + (1 - ^/id)/A > 0 (All) 

Whether the exchange rate increases more or less proportionately than the 
nominal quantity of money depends on the condition 

1 - ^ 0, (A12) 

which determines, too, whether the interest rate declines or increases 

By (A7) the impact effect on real output is unambiguously positive and equal 
to dyjdm = w The increase in the rate of inflation is given by df>jdm = nw. 

Since from (A9) the inflation rate converges monotonically to the long-run 
level, we know that output declines monotonically back toward the level of full 
employment. The exchange rate, following the impact effect, will appreciate, or 
depreciate, depending on (AI2). 
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An Alternative Approach to the 
Analysis of Taxation 


Yoram Barzel 

Utaaaaty qf WaihntUm 


Because commodiQes as transacted are complex, tax statutes could not 
cover all margins subject to optimixation. A tax will induce, then, sub¬ 
stitution within the commodity away from the taxed attributes and mto 
the others The results of a test on cigarettes are consistent with our 
prediction that the effects of unit and ad valorem taxes will differ both 
from each other and from those predicted by the conventionsd mcdeL 
It 18 shown that, although the market will adjust m numerous changeable 
characteristics, the adjustment is constrained by the condition that the 
sum of the dollar value of the mefikienaes and of the tax paid is 
minimued. 


The Dog and the Accountant 

A dog whose fletts had become unbearable sought the 
advice of an accountant 

“Can I claim these fleas as exemptions^’’ he asked 

The accountant smiled and shook his head. “Under 
certain conditions,” he expiamed, “ticks can be claimed as 
blood relatives. Fleas, on the other hand, arc considered 
luxunes and, far from being deductible, are actually subject 
to tax.” 

The foUowmg day, the dog had no more fleas; or he 
didn’t declare them, which comes to the same thing. 
Moral' There can be no taxation without misrepresentation. 
[J. B HANDEI.SitAN] ‘ 


Thanks are due to numerous individuals for tbor commenli, paroculariy to Oaa 
Bettianun, Steve Cheung, Bill Schivorm, and Dan Wisecarver. The paper was wiittm, 
in part, during a visit at the Hoover Insutuuon 

' Repnnted by permisnon, Q 1973 hy The New Yorker Maganne, Inc. 

1876, voi. M, oo. 6? 

O >876 br Tte Uahmlty of C1i i r«a« Afl rigbti i 
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This paper offers an extension of the traditional approach to the anal^ 
of taxation capable of explaining observations attributable to taxation 
which were not previously explicable. Underlying the change in approach 
arc the premises that evuy commodity is composed of a set of character¬ 
istics whose levels arc economically determined and that no tax will be so 
comprehensively specified as to control all the characteristics of a com¬ 
modity Market adjustments to a tax will take place not only in the 
quantity of the good but also in the make-up of its characteristics 

By standard analysis, a tax on the tonnage of ships would simply lead 
to a substitution resulting in lower tonnage Such analysis, however, is 
incapable of explaimng why “shipowners had vessels built excessively 
long, deep and narrow, ‘all more or less crank’ [i e, poor in seaworthi¬ 
ness]” (Lane 1964). In the above instance, the tax definition of tonnage 
(motivated, it seems by considerations of the costs of measurement) was 
basically proportionate to the length of ships and negatively related to 
the square of their width. Although deeper and narrower ships took a toll 
in handling, they did achieve from 1 1 to 1 4 tons of carrying capacity 
for each “ton” as measured for the purpose of tax 

In this papier it will be shown that, subject to the relevant constraints, 
the losses to market participants resulting from either unit or ad valorem 
taxes are treated as a magnitude to be minimized, rendering the adjust¬ 
ments in characteristics predictable 

1. The Setting of the Problem 

A consumer’s evaluation of a commodity rests on its vanous character¬ 
istics The commodity “gasoline,” for example, is demanded for its 
potenUal for generating energy, for its octane raUng, and for its additives, 
as well as for such peripheral services as windshield cleaning The choice 
open to consumers of commodities composed of many characteristics has 
been analyzed by Gnliches (1961) in his empirical work on automobile 
prices and by Lancaster (1966) in his theoretical work on demand We 
wish to proceed further by attempting to explain how the market will 
determine the levels of a commodity’s characteristics in response to a tax 
For any given commodity tax, it is crucial to know how the statute 
defines the unit of the commodity, how that unit is measured, and how the 
tax IS to be enforced. The unit for tax purposes may correspond to the 
market norm—gallon* of gasoline, or packages of 20 cigarette Granted 
that the legal defimtion of the umt will certainly be more detailed, it u 
still highly unlikely to cover all revelant characteristics * Furthermore, 

* 

' The legal definition will almost inevitably become more detailed as inadequauet 
become evident For example, the pretent tax-purpote definition of a cigarette will 
presumably expand eventually to cover the newly emergent “little cigan.” Earlier, a 
maximum length for cigarettei had to be ipecified to counter the marketing of extra-long 
cigarettei, taxed at« constant rate per unit, which could subsequently be cut mto standard 
lengths. 
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mtire characteristict arc tubicv't 

economic condition! We »cek to discovcT^c varying 

who^h/M* ^ “lent, the results depend cnUcally on 

whethw the tax « fixed per unit of the commod.ty or « ad valorem 

With a fw exphcit exceptions, we assume that pnor to the imposition 
of a tax the market is competitive and free of distortions A partial 
equilibrium framework is used throughout the analysis, and we abstract 
from possible feedbacks due to the effect of the tax on the level of mcomc 
or on mcome distribution 

Because existing studies of the eflects of commodity taxes employ 
dcmsnd and supply elasticities estimated pnor to the tax, their results 
reflect only the change in volume of the commodity as a whole with no 
allowance for change in the mix of characteristics or any resultant effect 
on allocation In a more careful analysis, this bias would be avoided by 
the treatment of different varieties as separate commodities, taking into 
account not only the individual elasticity of each but also their cross- 
elasticities, as noted by Harbcrger (1964, pp 25-70) While this is a step 
in the right direction, it still does not allow for possible tax-induced 
changes in the characteristics of each variety (“Cigarettes,” for instance, 
may shift through a wide spectrum the quality of tobacco and of its 
wrapping, the per-package retail services afforded for a given brand, the 
menthol or other components, and, of course, the length of the cigarettes 
themselves) This paper explicitly takes into account this capacity for 
internal change within each commodity 


n. The Constant per Unit Tax 

The traditional theory of taxation under competition is based on the 
comparison between the systems f>(P) - S(P) = 0, and D(P^) — 
S(P^ — T) — 0, where D{P) is the market demand for a commodity, 
S{P) is Its supply, P is the price per umt before the lax, P^ after the tax, 
and r IS the tax per umt. MisaliocaUon occurs because resources shift 
away from the taxed industry into less highly valued alternatives. For the 
marginal unit the value of the misallocation is equal to the tax rate. 
Under common but rather restrictive assumptions, the economic waste 
as a result of the tax is measured by i[i|e/(i 7 + B)]{TjP)^ where ij and t 
are the respective demand and supply elastiaties. 

For a commodity composed of several characteristics, equahty between 
the marginal valuation of the commodity as a whole and its marginal cost is 
a necessary, but not a sufficient, condition for competitive equihbnum. 
The marginal valuation (MV) of each of th<5 characteristics must equal its 
marginal cost (MC).^ 

* In what follows, we anume that each of the maiginal valuanooi is taOuig and each 
of the marginal costs is rmng 
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Consider a commodity possessing n characteristics. At the pretax 
equilibrium MCj » MV„ i » Defining 

W >1 

MC = 23 MC, and MV =. 23 

i»i (-1 

for the commodity as a whole,^ the equality for each charactensbc 
implies also that MC = MV. ^ After a tax-induced reduction in number 
of units, but prior to any change in the levels of the characteristics per 
unit, the following equality will hold 

Z MCf + T=P'^ ^Z MV.r (1) 

The reduction in quantity of the commodity as a whole constitutes a 
downward move along each of the MC| schedules and an upward move 
along each of the MV, schedules, so that 

MCf < MC, = MV, < MV,^ for all i * (2) 

Suppose now that the tax statute defines the commodity in terms of the 
pretax equilibrium levels of characteristics, t = 1,. .,k, but that 
charactensucs A; + 1, . ,n are not specified in the tax statute. We can 
decompose (1) into 

^ MC,^ + T MC,’^ -h r = = 23 MV,’- + 23 MV,^- 

<-T7i 1*1 /•Ji + i 

(1') 

Given (1') and the inequalities in (2), prior to any change in the charac¬ 
teristics per umt of the commodity we have 


k k 


23 MC,’' + r > 23 MV,’-, 

1-1 

(3a) 

^ MC,’- < 23 MV,’-. 

(3b) 


Here (3a) relates to characteristics specified by the tax statute and (3b) 
to those which escape the constraint. The tax, stnedy speaking, is imposed 
only on charactensdes 1,.. ,k. Since the tax-inclusive cost of the first 
k characteristics exceeds their valuation, while the converse holds for the 

* To fix units of measurement we set the pretax level of each of the charactenstics at 
one unit per unit of the commodity. Thanks are due John Floyd for correction of a pre- 
viouf error. 

* An MV, should be construed as the change in the total value of the commodity 
uiduced by a umt change in the ith cbaracteruuc and siimlarly for MC,. 

* We abstract from crow-effects among the charactensucs in either cost or valuation 
fimetions which could cmwetvahly levene the inequalities. 
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Other n - k group, there u incentive to contract the former relaUve to the 
latter. Since the tax statute determines the level of the former per unit 
of the good, adjustment will have to take place by reducing the number of 
units produced while increasing the levels of the uncontrolled character¬ 
istics per unit of the good Expansion of the untaxed characteristics 
consUtutes an effective substitution against the tax Adjustment will 
continue to the point where the inequahty in {3a) and all of the n — k 
components in the inequahty in (3b) turn mto equalities 

Since characteristics 1, ,k are constrained to a maximum level by 
the tax statute and since there is basically no incentive to raise them, 
their level will stay unchanged and we can consider them as one Charac¬ 
teristics ^ + I,, |R are not constramed, but to simplify we shall 
assume that their relative levels are maintained. Let us call the taxed set 
of characteristics A, the untaxed B, and the commodity as a whole C. 

The tax will cause a decline in the number of umts of A demanded. 
The demand for B may increase or fall, depending on whether A and B 
are substitutes or complements, but that of B relative to A will have to 
increase ^ While each unit of C will contam the same A as before, the 
tax will cause it to include more of B In other words, the tax will induce 
an upgrading in the “quahty*’ of C inasmuch as each uiut will contam 
more B * 

The opportumty to modify the composiuon of the commodity reduces 
the tax burden implied in the fixed-quality model, and the cquilibnum 
quantity will increase correspondingly The “welfare triangle,” therefore, 
IS smaller than m the fixed-quality case The change in resource allocation 
induced by the tax, however, is no longer confined to a reduction in 
quanUty of the taxed good but now includes the costs of producing an 
inefficient mix of charactcnsucs within the good ’ 

Thus partiapants in the market for the commodity suffer three kinds 
of losses from the tax the tax payments,"’ the welfare mangle bom re- 

'' In a two-commodity world and bolding individiial incomes contain the demand fir 
B per umt of A will remain unchanged only if they arc perfect compiemeals Even 
baucally the tax will not affect aggregate income, il will aSecl itt dittribution. The 
mdividual income effeett will not necessarily cancel out and may produce a per v er s e 
outcome In addition, as noted by Gould and Segall (1969), uiteractioa wi^ oAer 
commodioea could conceivably upset the results Finally, the diange m the quantitiet of 
A and a implies movements along the (pretax) supply schedules The tvro supply 
elasuciuci may differ sufficiently to change the expense of A relauve to B None of these 
potsibihties seems empincally important In what follows, we abstract from aU of t hem , 

' The term “quality” u not used m a normative sense. Indeed, if B rather dum A 
were being used as a umt of measure the “quality” would be reduced by the Ittt 
proportion of A. It is used here as a shorthand Dotauoo for the quantity of given dmrao- 
tensucs per umt of the commodity. 

* A more complete disciosion of these pomts in lelabon to a special case is p wsen te t i in 
Secuon V, (bUowing 

As already mentioned, we abstract from whatever benefits may arise from the or 
to vduch the tax IS put. 
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duced production, and the loss of efBoency in production. Consumers 
and producers of the taxed commodity will benefit most by minimizing 
the sum of these losses. Our central proposition is that market forces will 
actually produce that result 

To demonstrate the propiosition consider the market for our commod¬ 
ity in a (taxless) economy in full competitive equilibrium From all 
possible fiositions open to the economy, equilibrium is at the point at 
which the sum of consumers’ and producers’ surplus is maximized. 
Although most economic models consider one-dimensional goods, the 
fundamental properties of equilibrium are not affected when com¬ 
modities have more than one characteristic. 

With any change in the pnee of a factor used in producing the com¬ 
modity, the economy will move to a new equilibnum Suppose now a 
change occurs which has no effect on B but which raises by T the real 
cost of producing A. From the previous analysis of the effect of the tax 
(and abstracting from resultant differential changes m the rest of the 
economy) it is clear that the same equilibnum will be reached at the new 
factor pnee as would have occurred under the tax. Given the change in 
cost, the new equihbrium is again a position of maximum surplus, 
representing the smallest possible loss as compared to the prior situation. 
The market will react to the higher factor cost by economizing in its use 
(1) by contracting the output of the commodity itself and (2) by sub¬ 
stituting toward those of its charactcnsucs which use relatively less of the 
high-pnced factor In short, the market reaction is identical to that in 
the tax case, m both instances the adjustments constitute a minimization 
of the sum of the two cost components. Thus the proposition is demon¬ 
strated that following the imposition of a tax the market will move to 
minimize the sum of the tax paid and the welfare loss 

This proposition has been set out in terms of only two characteristics, 
but Its logic IS equally applicable irrespective of their number At com¬ 
petitive equilibrium for any such commodity, economic surplus is max¬ 
imized. Suppose an increase in the price of a factor used to produce some, 
but not all, of the characteristics takes place. The levels of each will be so 
adjusted that all the marginal conditions will be satisfied The new 
equihbrium, subject to the higher factor pnee, will again be a position of 
maximum surplus, and the move to the second equilibnum will have 
entailed the smallest possible loss in surplus. Given the complete analogy 
of impact between a tax and an increase in factor price, the fundamental 
result enunciated above is entirely general.** 

“ Such temu aj ivelfare mangle, mualiocation, inefficiency, dutortioni, and |be like 
cany normative connotationi We have just shown, however, that they pouea poiiuve 
properties as the subject of market minimization This terminology, ingtamed in the 
hterature, is retained here but is used only in its positive sense. 
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m. The ad Vtdorem Tax 

Suppose an ad valorem tax of rate t is imposed on a commodity having n 
characteristics The tax statute here defines the commodity m terms of 
the minimum levels of characteristics 1, ,k The after-tax equdibrium 
prior to any change in characteristics can be written as 

(1 + <) 5: Mq = P' = £ MV', (4) 

which IS the counterpart of (1) for the constant-umt tax Expression (4) 
can be decomposed, as is (1'), mto the constrained and unconstrained 
components 

(1 +/) + (1 + <) Mq = p* = ^MV; + ^ 

l-k-H i«l 

(4') 


Economic choice again determines both what characteristics will 
constitute a given commodity and their levels A characteristic will be 
included in a commodity only if it is cheaper when part of the package 
than when sold separately Since characteristics k + 1, ,n arc not 
constrained, reduction of their Icveb will serve to evade some of the tax. 
Most important, these charactensucs are taxed only so long as they are 
sold as part of the commodity ‘ * Thus, if the pretax advantage of selling 
the k + 1st characteristic as part of the package exceeded that of selling it 
separately by less than tcMCj+i, it may be removed altogether from the 
package when the tax is imposed 

To simplify, let us again lump the first k characteristics mto A and the 
remainder into B, and assume that A and B are consumed in fixed pro¬ 
portions. Suppose that, prior to the tax, a package was preferred This is 
shown in figure 1, where D is the demand for the package, S(P) is the 
supply of the package, is the supply of one component, and S(A + B) 

IS the sum of the supphes of the two components (plus assembly, if 
necessary) 

What would be the effect of an ad vadorem tax^ If the definition of the 
commodity for tax purposes a A + B, then the convenuonal analysis 

' ’ In at least some situations, substantial savings accrue to buying a package rather 
than Its individual components A study published m Magofut (1972) shows that 
while the retail pnee of a Ford Mavenck was then $2,506.55 the retail pnoe Kir its mare 
than 10,000 parts, unpainted and unassembled, would have totaled $6,435.22. To this 
could be added the cost to the buyer of time qieot in searching and buying. 
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and we ca^t determine a prion the dmjcdon in which the total tax 
payment wiU change. The after-tax p„c. of the commodity 
tax pu^ not only wiU be lc« than predicted by the ^ruUnt-quaUty 
model but may actuaUy feU below the pretax price 
The analysu does not change in any essential way when we drop the 
assumptions of only two attributes consumed m fixed proportion. An ad 
valorem tax will induce a reducUon in all the unconstrained attributes^ 
some will be retained as part of the commodity but at lower levels, while 
others will be dropped altogether.** 


IV. The Distinction between Unit and ad Valorem Tastes 

Provided both that the appropriate tax rates are imposed and that 
quahty is held constant, when a commodity is taxed the subsequent 
resource allocation and tax revenue will be the same regardless whether 
the tax is constant per umt or ad valorem But when quality is not fully 
controlled, the effects of the two types of taxes differ radically. The exdfc 
tax induces a substitution of quahty for quantity, resulting in a greater 
mcrcase m the price per umt*^ than predicted by the constant-quahty 
model. The ad valorem tax induces a reduction m quahty and a lower 
after-tax pnee than predicted Thus the statement by Due (1959, p. 298, 
itahcs added) that “this difference [between ad valorem and specific 
taxes] does not alter the 6tuu imtial reactions or the ultmaU distribution of 
burden” has to be rejected if our hypothesis is valid 

It IS evident that when quahty is adjusted, neither the per unit nor 
the ad valorem tax remains truly constant. The former vanes because the 
taxable umt has been changed. The latter is transformed mto a variabk 
tax because the value of the product is altered. In each case, the motiva¬ 
tion for the quality change is a lower tax per umt of service. 

The relation between the two taxes can be traced to an essential feature 
of commodities transacted m the market Consider agam a cotninodity 
piossessing n characteristics and assume that the tax statute defines the 
product in terms of the first k. If deletion of characteristics were ooatlesi, 
the reaction to either a per-umt or an ad valorem tax would be the tame. 
Characteristics it -1- 1, . , n are untaxed by the excise tax; their removsd 

The corponte income tax u fundamentally an ad valorem tax. When mch a lax b 
impoaed or raised, it can be evaded in part by iwilching to corporate fin a octn g baaed 
more on debt and leu on equity The nik borne by equity boiden will then nciease. 
The mearured rate of return to equity, reflecting this nik, might exceed the chaagt in 
the tax rate, giving the imprewon of more than 100 percent r h i ftin g. 

' * It may appear that a general ala tax on final consumer conunoditwi (or a antfhm 
income tax) avoid these problems However, m addition to the difficulty of taxbig 
home productum, there u an ucealivc for employen to provide dieir emptoyni with 
consumption goo^ such as air coaditioning a^ unifosmi—chaifird under the tax M 
■atefinedaie and not ruhject to tax—thereby still paitly evading the tax. 

>* The unit refemd to u that defined for lax purposes. 



ii86 


JOURNAL OR POtmOAL BCONOMY 


from the commodity will exempt them from the ad valorem tax; thus 
substitution toward these characteristics is implied m either case We can 
predict a reduction in the consumption of the first k characteristics, and a 
relative increase in the consumption of the others. 

Suppose now that the ad valorem tax is set at such a rate that the 
amount realized after the elimination of characteristics will equal that 
attainable under a unit tax. The two taxes would now have idenltcal 
effects on resource allocation. If we measure the commodity in units as 
defined by the tax statute, the tax-inclusive price will be lower for the ad 
valorem tax, but this is simply because the characteristics k + , n 

are sold separately 

Of course, it is invalid to assume that the deletion of characteristics 
will be costless, since they would not onginally have been incorporated in 
the commodity unless this offered advantages. An ad valorem tax will still 
lead to a reduction of the levels of all the A: -f 1, , n characteristics per 

unit of the good While some characteristics may be completely elim¬ 
inated, others will merely be reduced The two taxes, then, will result in 
quite dissimilar effects on resource allocation as well as in different ob¬ 
served prices and tax revenues ‘ ^ 

V. Tax and Durability 

In this and the following section, the analysis will be confined to a 
commodity with one continuously variable attribute—durability This 
simplification not only will clarify some of the foregoing conclusions, but 
will help in the analysis of additional relevant issues Thus, for the com¬ 
modity selected for illustration—light bulbs—we consider only the 
variable of durability The bulbs arc assumed to be homogeneous in 
such dimensions as strength and color, and while they Itist they provide a 
constant-quality flow of services (the one-horse-shay model) 

Consumers, we assume, value the flow of light services but not durability 
per se. A consumer, then, would be willing to pay the same price for 12 
1-month bulbs as for a single 1-year bulb. This valuation scheme becomes 
plausible if we conceive of the consumer as renting the bulbs, that is, 
purchasing the light service rather than the product The cost of changing 
bulbs IS then transferred to the seller and can be incorporated in his 
cost function.*® Under these conditions the durability offered in the 
market will be that for which the price of light services is lowest, satisfying 
the condition that the cost of an infinitesimal increase m volume of service 
will be the same whether obtained by an infinitesimal increase in the 
number of bulbs or in tihdr durability. ^ 

’ ^ It would be interesting to discover under what conditions one type of tax would 
be selected over the other. 

‘ * We also assume that for any given voliune of service there u always a single durabihty 
for which the cost is lower than any combinauon of durabilities. 
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Now consider an excise tax on light bulbs We assume that the tax 
statute does not constrain durability Tins is not unreasonable, since in 
our model durability is not an explicit feature of bulbs as only one 
durability is provided by the market at a point in time A tax which is 
constant per bulb raises the marginal cost of bulbs by the amount of the 
tax but does not affect the marginal cost of durabihty The least-cost 
method of obtaining any given output of light services after the tax is to 
increase durability to the point where equality on the two margins is 
restored 

When we compare the constant durabihty model—fundamentally the 
accepted model—with the unconstrained durability model, several major 
differences emerge With the removal of the constraint, the tax-inclusive 
cost of service will be lowered and the quantity of services increased In 
general, compicution drives the price to the lowest level consistent with 
cost. Here a move to a higher durabihty reduces the tax-inclusive cpst per 
unit of service and compietition will guarantee that more durable bulbs 
will actually be provided 

Received theory predicts that an excise tax will result in an increase 
in price not larger than the rate of tax However, since the increase in 
durability will itself tend to increase the pnee of hght bulbs, the actual 
increase in price per light bulb may easily exceed the rate of tax.** 

Much of the content of the above results can be presented diagram- 
matically In figure 2, the units on the horizontal axis represent hght 
services and on the vertical axis, dollars per unit of service Since the 
demand for service is indepiendent of durability, a single demand curve 
suffices For each durabihty, however, there is a different cost curve To 
simplify graphic exposition, it is now assumed that cost curves for varying 
durabilities do not intersect We denote by S (*) the cost curve for dur¬ 
ability X Two such cost curves are drawn m figure 2 Suppose that the 
lower one, S{2), provides hght services at lower resource cost than any 
other durability, either shorter or longer Before taxation, then, Q(2) and 
P(2) are the market quantity and price 

A tax of T per hght bulb is now imposed Each of the 5 (x) curves will 
shift upward by amounts inversely proportional to x, the tax per unit of 
service on a 4-month bulb is half that on a 2-month bulb The lowest 
curve will now be one of longer durabihty, the higher the tax, the greater 

•’Following Harticrger (1964), one could aliemauvcly argue that the tax is actually 
imposed not on a sing^ commodity but rather on a whde array of commodities where 
eaA durability constitutes a separate commodity It is clear that the tax-induced increase 
in the consumer pnee lor each would not exceed th< rate of the tax. But the elaaticity of 
substitution in consumption betireen alternative durabilities is such that the old duraldhty 
IS entirely replaced. Hus is formally correct but doe* not seem useful. In most einpiiital 
studies of taxation, the level of aggregation of the taxed commodity u quite hi|^ indicatuig 
lack of awareneM of the problem of tax-induced subaututton within what it cl a w i fird as 
a homogeneous commodity. 
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that durability. We denote by Sj{x) the tax-inclusive cost of light services 
obtained from bulbs of durabihty x, and suppose that among all these 
5r(4) is lowest. 

After the tax, Qt{2) and i’i-(2) arc the equilibrium quantity and price 
if durability is constrained to 2 But if durability b not constrained, the 
final price per unit of service will be lower and the final quantity of 
services higher, since ^r(4) lies below Sj(2) Note, however, that the price 
observed in the market is not per unit of service but per bulb Thus even 
though Pt{4:) < Pt{2) and Pj{2) — P(2) < tax, the increase in the 
price per bulb may exceed the tax rate because the afler-tax bulb is more 
durable. Indeed, if the supply curves are perfectly elastic, the increase in 
the price per bulb will tucessartly exceed the rate of tax. 

Let us now turn to tax receipts. In figure 2 these arc represented by 
the product of the after-tax market quantity and the difference between 
the after-tax market price and the pretax cost. It is easy to see that tax 
receipts may go up or dovm when we compare the constrained with the 
unconstrained durabilities. For instance, if the tax is originally set to yield 
maximum tax revenue while constraining durability to its pretax level, 
when the constraint is relaxed the substitution towards higher durability 
will necessarily result in a revenue loss.*® On the other hand, if the im- 

Finding the tax rate that yields maximtim revenue is equivalent to finding the largest 
rectangle that can be inscribed between the demand and supply curves to the left of t^ir 
intenection. Since higher duiatulitiei reduce the area between the two curves, the new 
largest rectaagle has to be smaller than the old one. 
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change in durab^, the"d^*!^el^^^? altcmauves'» With no 

to 0%T wSHml ,T"" ^(2) from 

VtW WU). When durability w permuted to adjust, the once pmd by 
comumer, ts ower and the quanuty purchased iLger thi wh^diS 
abihty u TOmtramed Thus the conventional welfare triangle is reduced 
to the shaded area between D and S{2) from Qj{^) to Q(2) 

However, when durability is vanable, misallocauon is no longer 
restricted to that resulting from contraction of output Two>month 
durabihty is most cfRcient since it provides hght services at lowest re¬ 
source cost, but in the process of partially evading the tax durabihty has 
now heen increased to 4 months, thus the gntitt quantity is being produced 
ineflficiently The quantity Qj-(4) could have been produced at the res 
source cost indicated by 5(2) rather than by 5(4) The shaded area 
between 5(4) and 5(2) up to quantity Qi-(4) represents the value of the 
tax-induced excess resources used in producing light services 

What are the properties of the new equilibrium position’ Together, 
producers and consumers search for that durabihty for which the effect of 
the tax IS minimued that is, for the real pnee that results in the smallest 
contraction of service output In other words, market participants search 
for the durability that leads to the lowest after-tax pnee per unit of 
service The tax paid per light bulb is still T, but now a bulb provides 
more services, thus the real tax is lower by a corresponding amount. 

To depict further the projjerties of the after-tax equilibnum, figure 3 
adds to the demand and supply curves of figure 2 the supply curves of 
S-month bulbs, both before and after the tax and a new curve denoted H. * * 
Each pomt on H represents a nct-of-tax market equihbnum position if 
durability is constrained to a pauncular value Thus, pomt 2 is the after¬ 
tax equihbrium to suppliers if durabihty is constrained to 2 months. 
Similarly for points 3 and 4 Points 2', 3', and 4' are the corresponding 
points of demand That is, given the tax and the constramed durabilities, 
these are the optimal points to consumers. The distance between 2 and 2', 
for instance, is the tax per umt of service for a bulb of 2-inonth durability. 
The H curve is tangent to 5 (2) at point 2, since 5(2) is the lowest sup{dy 


As we move firom point 2 through higher durabihties, output is pro¬ 
duced at increasing resource cost. In the durability range from 2 to 4 
months, however, this increase in cost is more than matched by tax savings. 
In that range, then, the price paid by consumers is declining, the quantity 
purchased rises, and the wclftue-ioss triangle shrinks correq>«idia{^. 

>> The ducunion of 6giite 3, end • foUomng relsied oooBdenitiMk of sttfandiei, wew 
itimuhted by s coavenauoa with A1 Harbeiger. 
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Beyond point 4 the tax saving of increased durability is less than the extra 
resource cost At point 4, where durability is identical to that chosen in the 
absence of constraint, the // curve is vertical and the incremental gain 
from a further saving m taxes is exactly matched by an increase in cost of 
production. That point, then, satisfies the first order condition for a 
minimum Since point 4 is market determined, the earlier proposition 
that the market will minimize the dollar value of the sum of welfare losses 
and tax paid is again demonstrated, though from a different angle. 


VI. Subsidies 

It may appear that a discussion of subsidies at this point is superfluous 
Aren’t subsidies the “mirror image” of taxes? Why would not a subsidy 
simply reverse the signs of the tax case? It is true that a tax is a negative 
subsidy, the effect of the former is to reduce market quantity and of the 
latter to increase it. But the effect is not symmetric with respect to resource 
allocation. Both lead to positive welfare triangles and to inefficient moves 
from the optimal mix of characteristics mto mixes which use up^more 

In the case just discussed, would an ad vsdorem tax affect durability, or would it 
be “neutral’’? If the tax is on bulbs, but not on their installation, the buyer has a stronger 
incentive to install his own bulbs. As the cost of installation relative to bulbs u then lower, 
durability will be shortened. 
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resources In the remainder of this section we examine this aspect of the 
effects of a constant per unit subsidy on a durable commodity. 

In addition to direcdy mcreasing quantity, a subsidy will lead to an 
added expansion in quantity because of substitution against durability, 
since the price per unit of service is thus reduced. In figure 4, S{2) and D 
are again the same as in figure 2 A subsidy, S, is granted per fight bulb 
of whatever durabihty If durability is constrained to remain at 2 months, 
the price paid by consumers pier umt of service will decline to Ps{2) smd 
the quantity will increase to Qs{2) But for durabihues shorter than 2 
months the subsidy pier umt of service is higher, thus fight service will be 
cheapier Suppxisc that among bulbs of shorter fife those of I-month 
durability are best, S{1) and . 95 ( 1 ) as drawn in figure 4 show that when 
the durabihty constraint is removed the price pier unit of service will fall 
to /’s(l) while the quantity of service consumed will increase to ^s(l) 

In regard to welfare loss, since the market quantity of services is lower 
when durability is held constant, the removal of that constramt leads 
to a larger welfare triangle—the shaded triangle m figure 4. In addition, 
bulbs of 1-month durability provide light service at a higher resource 
cost than 2-month bulbs, consequently the enure output is produced 
inefficiently The total resource cost of this inefficiency is the area between 
iS(l) and 1 ^( 2 ) to quanuty Qs(^)> which b also shaded in the diagram. 

It is evident that if the rate of the subsidy just discussed equab the 
rate of the tax considered earlier, and given hnear demand and coat 
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ciurves, the adjustment to the subsidy is larger than that to the tax.*^ 
If the tax and subsidy rates are the same, the changes which will occur 
in price and quantity under conditions of constrained durability are of the 
same size (in absolute terms). When durability is allowed to change, a 
downward move is induced along the demand curve by either the tax 
or the subsidy. This mitigates the initial effect of the tax but enhances 
that of the subsidy— which thus has the greater total impact. 

More generally, a series of constant tax doses will yesult in successively 
smaller adjustments in the price and quanuty of service. The intuitive 
explanation for this is that since each tax increment leads to the producUon 
of more durable bulbs for the market, the new levy has a smaller pro¬ 
portionate effect.*'* 

The curve K in figure 4 is obtained similarly to H m figure 3. This curve, 
too, IS tangent to and is vertical at output level (?s(l) If durability is 
constrained to 2 months, producers will operate at point 2 after the subsidy 
IS granted As they arc permitted to produce shorter durabilities they will 
move along the curve K as far as, but not beyond, point 1. At that point 
the benefit from obtaimng a larger sul»idy by switching to a still shorter 
durability is exactly nullihed by the increase in cost of the shorter dur¬ 
ability Point 1 produces the largest welfare triangle; as durability was 
reduced from 2 months to 1, the triangle was increasing continuously, 
but It then begins to shrink because still shorter durabilities lead to a 
decline in market quantity. At point 1, which will be chosen by the market 
in the absence of constraint, the sura of welfare loss and the (negative) 
tax paid is at a minimum—a small move leaves the area of the triangle 
unchanged while the change in welfare loss due to inefficient production 
IS exactly matched by the change in subsidy. 

Consider now a change away from point 2 Here, an infinitesimal 
reduction in durability will result in an mcreased subsidy, but the 
efficiency in production will not be affected. This, then, will lead to a 
fall in price paid by consumers, to a corresponding increase in output, and 
hence to a larger welfare triangle. It is evident, then, as stated earlier, 
that any move to a shorter durability must result in an unambiguous 
increase in welfare cost. 

When It IS possible to tighten the legal defimtion of the commodity 
with the objective cither of increasing tax revenue or of reducing the 
dollar value of the misailocation, more information is needed to determine 

* * Of course, a umultaneoui tax and subsidy of the same size wiU idenucally cancel out. 
Here the starting point of the subsidy u the end point of the tax. In the textual comparison, 
the starting point br both u the same. 

Note, however, that the observations in empincal work typuaUly correspoad to 
those on light bulbs rather than on light services It is not entirely dear, then, that the 
observed pnee increases will continue dechmng with successive equal tax doses; a result 
yduch anyhow dqiended on the amimption of iineanty. 
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which way the tightening will work in the case of a tax. With a subsidy, 
on the other hand, a move to prevent substitution among qualities will 
always reduce both subsidy payments and misallocation.^^ 

Vn. A Test of the Hypothesis 

Our fundamental hypothesis is that the effect of a tax on the pnee of a 
commodity, as measured, will differ from that indicated by conventional 
analysis. Specifically, we predict that a tax which is constant per unit 
will increase consumer price, as normally measured, more than is pre¬ 
dicted by the received model, whereas an ad valorem tax will raise price 
less than a comparable per-umt tax. 

Consider also the “mark-up” hypothesis which states (inconsistently 
with demand theory) that when the price to the seller is increased by 
whatever reason, he will raise the retail price by a larger amount. We 
argue that the effect produced by an ad valorem tax will differ radically 
fi-om that of a constant per unit tax. Data on the effects of the two taxes 
may enable us to test the received model and also to choose between the 
mark-up hypothesis and ours 

Reported in the following paragraphs are tests of the hypotheses using 
data on cigarettes Starting in 1954, the Tobacco Tax Council (1972) 
has compiled and reported the retail price of cigarettes on a state-by-state 
and year-by-year basis ^ ’ The “prices” arc actually within-state indices 
using a set of fixed weights for all states in all years Weights arc given to 
three types of cigarettes—regular, king, and filter (both 85 mm and 
100 mm)—and to three types of sale—single pack over the counter, 
vending machme, and carton lot 

Cigarettes provide an almost ideal setting for testing our hypotheses. 
The bulk of cigarettes onginatc from around North Carolina and arc 
distributed nationally. Apsut from the effect of shipping costs (vsdilch a 
possible to control for), the observed pnee differences at a point in time 
are presumably due Uugely to state taxes 

While a federal tax remained constant at 8 cents per package for the 
entire period, state taxes vaned gready withm states and over time. In 
1972, the most recent year used, these ranged fii>m 2 cents per package in 
North Carolina to 21 cents in Connecticut. In the same states the taxes 
had been, respectively, 0 and 3 cents in 1954. 

InadentBl to the central theme of thu p»per u the bypotbens that the qushty con- 
itreinu actually impoKd would be more levcie for a luhsidy than for a tax. 

Attempts to test our hypothesii against data on gaaohne and hquor are reported in 
the Appendix. 

For matt years, the data are given as of November 1. For 1957,1958, and 1959, the 
date used is October 1. 

** Infotinatmn provided in a letter fiom the Tobacco Tax Cou n cil. 
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TABLE 1 

CtaAKETTB Rzorisuon Rl((n.T** 


Variable 

Coefficient 

Standard Error 

t-Value 

Constant 

Tax (in cents per package) . 
New Hampshire dummy 
Distance (m 100 miles) 

14 801 
1.065 
-0 072 
OOU 
= .93 

0 201 

0.011 

0.014 

0 004 

73 564 
101 439 
-5 078 

3 072 


• A Mt of ye»r dummies included in the refresiion showed sn upwnrd drift from — I 9 (cents per pncksge) 
IQ 1954 to 0 6 in 1970 declining b«ck to sero (the **bMe** year) m 1972 


It seems reasonable to expect that the supply elasticity of cigarettes 
to a single state is very high. Thus if the conventional model is correct, 
a 1-cent difference in tax per package between two states will result, 
cetens panbus, in close to a 1-cent difference in price Using our model, we 
predict a price increase larger than 1 cent if the tax is constant per umt 
and a smaller increase if it is ad valorem. 

Table 1 presents results from a regression based on 931 observations 
The dependent variable is the retail price, deflated by the consumer price 
index for October of the given year The coefficient of the tax (also de¬ 
flated by the consumer price index) indicates that a 1-cent increase in 
tax raises retail price by 1 065 cents, which is sigmflcantly larger than 
one, as the <-ratio for that test exceeds 6 The received notion that the 
price will increase at most by the amount of the tax can be rejected ** 

In New Hampshire the tax is ad valorem The regression coefficient 
for the dummy variable for that state, measuring the differential from 
other states with the comparable umt tax, is —0 072 and its standard 
error is 0 014 The retail pnee in New Hampishire, then, is significandy 
less than that predicted for a state with a comparable per package tax,^^ 
and the hypothesis can be rejected that comparable per unit and ad 
valorem taxes will have identical effccts.^^ Also rejected is the mark-up 

** These are one observation each for 19 years (1954-72) for the Dutrict of Columbia 
and for each of the 48 continental states Alaska and Hawaii, for which data are available 
{or only part of the period, were deleted from the sample because of the ambiguity of the 
distance measure. Note that Hawaii imposes an ad valorem cigarette tax at the wholesale 
level Data sources are- for road distances between largest metropolitan areas, Rand 
McNally Rood Atlas (1972); for cigarette pnees and taxes, Tobacco Tax Council (1972), 
for consumer price index, U S Bureau of Labor Statistics (vanous years) 

We would expect within states a tax-induced shift toward higher-priced cigarettes 
such as 100 mm and those from vending machines As a result, the average price per 
package should have risen. Since weights are fixed in the data, the regression coefficient 
does not reflect this phenomenon 

The cost of financing the tax in terms of extra interest can account for only a small 
fraction of the amount by which the coefficient differs from uiuty ^ 

The size of New Hampshire makes it unlikely that cigarettes would be tailor-made 
for It Hie scope for removing charactenstics is quite limited, then 

In scatter diagrams for individual years the slope of the unit tax, fitted by free hand, 
is consistently higher than one, and New Hampshire has consistently the largest negative 
deviation. 
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hypothesis, as it fails to predict diiTerential effects from the two types of 
tax Finally, the coefficient of the distance variable, inserted to control for 
the differential shipping costs from North Carolina, is positive, as expected, 
and significant 


Vlll. Final Commenta 

If economists are set to offer policy prescriptions, the preceding analysis 
warns of a serious pitfall. Our mode), and our results, cast doubt on the 
notion held by many economists with respect to second-best solutions— 
that taxes can be used to correct distortions—as we argue that a tax will 
have additional “side effects.*’ 

For instance, a gasoline tax is often regarded as a means to combat air 
pollution. Since the tax is actuaUy constant per gallon, market substitution 
will occur toward high-octane gasohne which has become relatively 
cheaper But high octane ratings are produced by lead, now believed to be 
a major air pollutant, and the tax which results in a higher per-gallon 
use of lead may actually have increased the absolute level of pollution. 
The asserted purpiose of the tax thus may have backfired *■* 

While taxes do affect resource allocation, the common normative state¬ 
ment that they misallocate resources makes htUe sense If that is all they 
do, why would they ever be imposed Until we can sjjell out the objectives 
of poheymakers and the constraints they face we cannot attach meaning 
to terms such as misallocauon or distortion. What we can do, however, is 
to determine the exact nature of any tax so that we can more accurately 
predict Its effects'. 

Let us briefly summarize the thrust of the argument Commodities su 
transacted in the market are complex, and the margins with respect to 
which optimization takes place are numerous Because commodity tax 
statutes will not generally cover all these margins, any tax will induce 
multiple changes not only in resource allocation away from the taxed 
commodity and into others but also in the “quahty” of the commodity 
and how it is transacted, a substitution away from the taxed attributes 
and into the others. 

Adjustment in the face of incomplete spccificauon of commodidci 
implies upgrading of quality in the case of a unit tax and downgrading in 
that of an ad valorem tax. A test of the effect of taxes on cigarettes refutes 
the conventional hypothesis that quality will not change with a tax.** 
The results arc rather consistent with our model, which claims that the 
effects of unit and of ad valorem taxes will differ both horn each other 
and from those predicted by the conventiorud model 

** Flott (1966, pp. 84-87) amves at a lunilar result lor a mmlar reateo. 

** The results for gasohne and liquor arc also consistent with our model. 
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The two taxes produce different effects because of the different speci¬ 
fication of what, exactly, is being taxed. Given the definition (and 
enforcement) the market will adjust with respect to each of the changeable 
characteristics. Although these changes are bound to be numerous and 
will differ depending on the type of tax, their extent is sharply constrained. 
They will be earned only to the point that minimizes the sum of the dollar 
value of the resultant inefficiencies and of the tax paid. 


A{ipenda 

Teat* for Guolioe and Alcohol 

Gesoktu.—An attempt to test our hypothesu us’og data on gasoline taxes produced 
muted results, vaguely encouraging but quite erratic. The main problems seem 
to be that (I) at any moment the wholesale price differs widely across markets, 
and (2) identificanon is hard to establish. 

The data used arc reported by the monthly magazine, Natuml Pt&oiim Ntm 
(1971), where for several years monthly observations arc given on the wholesale 
price, tax, and retail price of regular gasolmc in 55 utics.^‘ 

Regressions were run for 4 months m 1971 The dependent variable was retail 
pnee per gallon and the independent variables were wholesale price and tax. 
With unlagged independent variables the coefficient for tax is 0.78 (0.078 SE) and 
for wholesale price I 18 (0.031 SE), The forces that make us expect a "large” 
coeffiaent for the tax varuble apply to other cost components.’^ The coeffiaent 
for the wholesale price variable, at least, is comforting. 

The variability in the wholesale price may well be due to differing demands 
among ciQes, while our hypothesis is m terms of shifts of cost schedules rather than 
shiffs along them. Thus one cannot accept the above results at face value. When 
the two independent variables were lagged in an attempt to assure that the 
direction of causality m the data is from the independent to the dependent 
variable, the coefficient for the tax became 1.05 (0 23 SE) and that for the whole¬ 
sale price 0 29 (0.09 SE). 

It is clear that a more complete model and poaibly better data art required to 
obtam satisfactory results for gasolme. 

Altohel .—The data used are from a secondary source.” A price breakdown is 
provided of 12 distilled spirits in New York State for 1971. These data enable us 
to run a regression in which the retail pnt^ per cate it the dependent vanable and 
tax per cate and wholesale price (net of tax) arc the independent variables Smee 
measurement of one of the obtervauons (unported brandy) presented problems, 
regressions were run with and without it. Widi the enure 12 observations the tax 
cswffident was 1,31 (0.40 SE) and that for the wholesale price 1,30 (0,15 SE), 
With 11 observations the respecUve coeffiaents were 1,51 (0,43 SE) and 1.26 
(0.14 SE). 

"Kegulai" gasoline does not sufficiently define the eonunodity; octane ratuigs and 
other chanictetiitict differ among regions and brands. 1 was unable to ccsrect for these, 
however. 

Therebre, the two coefiicienis should be approximately equal, but here the dlffe^ 
ence between them it significant. 

*' Daniel Wisecarver (1974) kindly permitted me to use ha data fiom an unpubUsbed 
papa (tabla 1 and 6). 
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The tax coefBaenti are larger than one, but not significantly so, and they are 
of the same order of magnitude as the coefficients for the wholesale price variable. 
The results, while not overwhelming, tend to confirm the hypothesis.** 
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The Successes and Failures of 
Professor Smith 


George J. Stigler 

Vnwtrnly of Qacago 


The criterion employed to judge succeues and failures has been die 
acceptance or nonacceptance of Smith’s theory by his immediate 
successors. This judgment has been supplemented with a more personal 
one of scientific fruitfulness. He had one overwhelming and proper 
success—the theorem on resource allocation under competition—and 
several minor successes He also had one modest success that was 
improper (i e , unfortunate)—the distinction between productive and 
unproductive labor Smith’s most important analytical failure was the 
hierarchy of employments of capital. Three failures that should have 
been successes receive special attention his wage theory, his rent theory, 
and the analysis of the division of labor. The reasons for the diffenng 
fates of these theories are examined 


The Wealth of Natums first appeared on March 9 of 1776, and perhaps 
sufficient time has now passed to piermit a fair estimate of Professor Smith's 
triumphs and failures It is a subject in which Smith himself would have 
displayed a vivid and natural interest. John Rac recounts his final days' 

When Smith felt his end to be approaching he evinced great 
anxiety to have all his papers destroyed except the few which he 
judged to be m a sufficiently finished state to deserve publicatkm, 
and being apparently too feeble to undertake the task himsetf, 
he repieatedly begged his fnends Black and Hutton to destroy 
them for him Black and Hutton always put off complying 
with Smith’s entreaties in the hope of his recovering his health 
or perhaps changing his nund; but at length, a week before his 
death, he expressly sent for them, and asked them then and there 
to burn sixteen volumes of manuscript to which he directed 
them This they did without knowing or asking what they 
contained. [1895, p 434] 
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Only a man acutely sensitive to the opinion which posterity would hold 
of him would insist upon such an act. Of course Smith was wrong; there 
IS no amount of mischief and nonsense in 16 volumes which we would not 
have forgiven, especially since we know he was given to neither mischief 
nor nonsense 

If the time is ripe, I am less certain of the qualifications of the writer 
There is a game I sometimes play with children; I ca'l it “Three 
Questions ” If all three questions are answered correctly I promise 
$1 million, no doubt the Securities and Exchange Commission will 
eventually prohibit the game, or the Federal Reserve System will make it 
viable The first two questions present no difficulty perhaps the number 
of brothers and sisters the child has, and the city in which it lives The 
third question is a different matter Once I asked, “Who was Adam 
Smith’s best friend^’’ The reply from this child was, “You arc. Uncle 
George ’’ I had someone like David Hume or James Hutton or Joseph 
Black in mind Still, I have long been a good friend of Smith, though I 
have no right to claim priority in his circle I do not believe that my 
friendship will distort the judgments I shall propose. 

The task I set, in any event, is not the uninteresting one of praising or 
blaming Smith The triumphs of any scholar are those of his doctrines 
which he persuades his contemporaries and successors to heed carefully 
When Ricardo or John Stuart Mill or Torrens adopted a theory of Smith’s 
that does not ncccssanly mean that they accepted it without qualifications 
but that their work and thoughts were directed by the formulation of 
Smith Smith’s failures were, correspondingly, those theories which his 
successors cither ignored or rejected out of hand When Smith was wrong 
we would naturally expect able successors to ferret out the error, but we 
shall also discover that some of Smith’s finest theories suffered the fate of 
neglect In any event, it is the judgpnent of the science that is decisive in 
judging a scholar’s achievements 

There is, I hopie, an intrinsic mtercst in Smith’s triumphs and failures 
simply because he was as great an economist as has ever lived There is 
also a broader significance to my query can we determine the charac¬ 
teristics of theories that help or hurt their reception’* 

I. The Proper Successes 

A success or triumph is a proposition in economics that becomes a part of 
the working system (the so-called paradigm) of contemporary and sub¬ 
sequent economists They accept and use the projxsition, with heavy 
emphasis upon the word “use,” or they reject and dispute the proposition, 
with heavy emphasis upon “dispute.” In cither event, their work is 

’ I tried to answer this quetuon in Stigter 1965 (pp. 66-155). The present approach is 
essenbally independent although the answers overlap 
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infltienced by the succenful propositbn and, indeed, measures the success. 
So I repeat: a theoretical analysis is a success if it becomes a part of the 
living economics of successors, and the success is ascnbable to Smith if 
his formulation governs the later use of the theory, whether he mvented 
it or not. Hence I shall not attempt to dctemune Smith’s debts to his 
predecessors; suffice to say they were large, but much smaller than our 
debts to him One can say of Smith what Newton said of himself “If I 
have seen farther, it u by standing on the shoulders of giants.’’ That is 
appropriate to comparisons with predecessors but not to comparisons with 
contemporanes' they had the same shoulders to stand on 

Smith had one overwhelmingly important tnumph. he put into the 
center of economics the systematic analysis of the behavior of individuals 
pursuing their self-interest under conditions of competition. This themry 
was the crown jewel of T/u Wealth of Nations, and it became, and remains 
to this day, the foundation of the theory of the allocation of resources. The 
proposition that resources seek their most profitable uses, so that m 
equibbnum the rates of return to a resource in various uses will be equal, 
IS still the most impiortant substantive proposiuon in all of economics. 

I do not know whether to list as a second tnumph one enormously 
successful apphcation of this theory of compeuuve prices, namely. Smith’s 
theory of the differentials m wage rates and profit rates among occupa- 
uons The famous list of cost factors which would generate apparent but 
not real differences m rates of wages and profits—traimng, hardships, 
unemployment, and trust—were accepted, and in fact usually quoted 
verbatim, by Smith’s successors for a century ^ This literature is the direct 
ancestor of Marshall’s famous chapters on wages (1%1, bk 6, chaps. 3-5), 
and of the modern theory of human capital So perhaps this special 
apphcation of price theory deserves to be listed as his second success. 

The third and final major success of Smith was his attack on mer¬ 
cantilism I measure a success by the impact of a scholar on other scholars, 
not his impact upion pubhc thinking or pubhc policy Smith’s attack on 
protecuonism in all its basic forms—tanils, subsidies, compulsory use of 
domestic shippers, hmitations on colomal enterprise, and the like—rested 
squarely on his theory of compcUUve pnees The cruaal argument for 
unfettered individual choice in pubhc policy was the efficiency property 
of competiUon* the manufacturer or farmer or laborer or shippo* viho 
was seeking to maximize his own income would in the very process be 
putting resources where they were most productive to the nation • "Every 
individual is continually exerting himself to find out the most advanta¬ 
geous employment for whatever capital he can command. It is his own 

* The role of Iruit was not analysed satisiactorily by Smith and lU acceptance was 
much leM complete (for a modern interpretation of it, see Bcclier and Stiver (1974]). 
Smith’s fifth source of differences, the uncertamty of success, was not a cott-bSKd difibr- 
ential, and it was much disputed rather than generally accepted. 
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advantage, indeed, and not that of the society which he has in view. But 
the study of his own advantage naturally, or rather necessarily leads him 
to prefer that employment which is most advantageous to the society” 
(Smith 1976,1:454). This application of price theory was again a corollary 
of the mam proposition, but its development was so extensive and its 
success so great that it clearly deserves to be called Smith’s third major 
triumph 

I have been most parsimomous in quoting Smith, and it is well to 
present a sample of the power of his argument. Here is how he describes 
one section of the English policy of mercantilism 

To found a great empire for the sole purpose of raising up a 
people of customers, may at first sight appear a project fit only 
for a nation of shopkeepers It is, however, a project altogether 
unfit for a nation of shopkeepers, but extremely fit for a nation 
whose government is influenced by shopkeepers Such statesmen, 
and such statesmen only, are capable of fancying that they will 
find some advantage m employing the blood and treasure of 
their fellow-citizens, to found and maintain such an empire Say 
to a shopkeeper. Buy me a good estate, and I shall always buy 
my clothes at your shop, even though I should pay somewhat 
dearer than what I can have them for at other shops, and you 
will not find him very forward to embrace your proposal But 
should any other person buy you such an estate, the shopkeeper 
would be much obhged to your benefactor if he would enjoin 
you to buy all your clothes at his shop England purchased for 
some of her subjects, who found themselves uneasy at home, a 
great estate in a distant country The price, indeed, was very 
small, and instead of thirty years purchase, the ordinary price 
of land in the present times, it amounted to little more than the 
expence of the different equipments which made the first dis¬ 
covery, reconnoitred the coast, and took a fictitious possession 
of the country The land was good and of great extent, and the 
cultivators having plenty of good ground to work upon, and 
bemg for some time at hberty to sell their produce where they 
pleased, became in the course of little more than thirty or forty 
years (between 1620 and 1660) so numerous and thriving a 
people, that the shopkeepers and other traders of England 
wished to secure to themselves the monopoly of their custom. 
Without pretending, therefore, that they had paid any part 
cither of the original purchase-money, or of^the subsequen' 
expence of improvement, they petitioned the parhament that thi 
cultivators of America might for the future be confined to thei 
shop; first, for buying all the goods which they wanted froc 
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Europe; and, secondly, for selling all such parts of their own 
produce as those traders might find it convenient to buy. [For 
they did not find it convenient to buy every part of it. Some parts 
of It imported into England might have interfered with some of 
the trades which they themselves earned on at home. Those 
particular parts of it, therefore, they were wilhng that the 
colonists should sell where they could, the farther off the better; 
and upon that account proposed that their market should be 
confined to the countries south of Cape Finisterre ] A clause m 
the famous act of navigation established this truly shopkeeper 
proposal into a law [1976, 2 613-14] 

From 1776 to today, the effect of this powerful attack, reinforced by the 
theoreUcal advances of Ricardo, Mill, and others, established a tradition 
of free international trade which even the most confirmed of cconombt- 
intcrventionists seldom feel equal to attacking frontally 

There is a fourth considerable success to be credited to Smith, the 
formulation of the wages-fund theory This theory explained the short-run 
level of average wages by the ratio of funds for the payment of labor 
(the wages fund) to the number of laborers employed It was saved from 
being a tautology by the imphcit condition that over moderate periods of 
time the wages fund was approximately constant m size Putting aside the 
question whether it was a useful theory (1 have argued that it was [Sugler 
1968]], there is no doubt that it dominated the next 100 years of English 
economics The uncertainty is how clearly Smith formulated the theory. 
He definitely asserted the essence of the theory, as when he says. “The 
demand of those who Uve on wages, it is evident, cannot increase but m 
proportion to the increase of the funds which are destined for the payment 
of wages These funds arc of two kinds, first, the revenue which is over 
and above what is necessary for the mamtenance, and, secondly, the 
stock which IS over and above what is necessary for the employment of 
their masters” (1976, 1-86, also 1 110, 453). Smith’s theory of wages will 
be shown below to rest on a wages-fund mechanism The only real 
misgiving is that Smith did not expbcitly define the contents tff the 
wages fund.® 

I am painting with a wide brush insights and arguments trflcsser scope, 
which would be a source of fierce pride to lesser economists, do not deserve 
inclusion here The famous paradox of value concerning diamonds and 
water, for example, which posed m inescapable form the central problem 

* Thu is Tauiug’s main reservaUon in the standard history of the wafet fiind (1899, 
pp. 150-51) But the iiind u not so easily defined as Smith’s sucoeaKin and TaiMlg 
beheved—it waa not simply, or all of, “the consuraaUe goods, m deakri' hands, ready 
for purchase by laborers" (ibd., p IM) The period ofadvance of the wages determiMi 
how “ready” the goods ne^ be, as just one complicstiOD 
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for the marginal utility theory, would deserve attention in any lesser-man’s 
work. But the first three of these four successes I distinguish have become 
a permanent part of economics. 


n. The Improper Successes 

An improper success is an error or an infertile and undevelopable subject 
or method of analysis—but one that is influential with contemporaries or 
successors Most demonstrable errors, one hopes and believes, are soon 
ferreted out, but the analysis that somehow fails to identify and organize 
and exploit a useful body of knowledge can only be discovered with time. 

I would propose only one sigmficant topic in Smith’s work that meets 
this description* his theory of productive and unproductive labor. 

There is one sort of labour which adds to the value of the 
subject upon which it is bestowed* There is another which has 
no such effect. The former, as it produces a value, may be called 
productive, the latter, unproductive labour. [The] labour 
of the manufacturer fixes and realizes itself in some particular 
subject or vendible commodity, which lasts for some time at least 
after that labour is past It is, as it were, a certain quantity of 
labour stocked and stored up to be employed, if necessary, upon 
some other occasion The labour of the memal servant, on 
the contrary, does not fix or realize itself in any particular 
subject or vendible commodity His services generally perish m 
the very instant of their performance. [1976, I 330] 

The purpose of the distinction is clear: if we identify productive labor 
by the characteristic that its product can be accumulated, then capital 
formation can take place only out of the product of productive labor The 
difficulties with the distinction are two. Even if Smith is correct, the 
extensive employment of productive labor merely permits the accumulation 
of capital, and the actual formation of new capital requires a wholly 
independent act of saving Since most tangible products are not accumu¬ 
lated as capital but arc currently consumed, there could be the loosest of 
connections between the share of labor that is productive and the rate of 
capital growth. 

There is a second difficulty; there are investment acts which are not 
the result of productive labor. Investments in what we now call human 
capital do not become incorporated in a tangible, saleable commodity as 
commonly understood. Yet Smith agrees that one portion of the stock of a 
society consists of the acquired useful abilities of its inhabitafits—to which 
he should have added the discovery of new knowledge: “The acquisition 
of [useful] talents, by the maintenance of the acquirer during his edu¬ 
cation, study, or apprenticeship, always costs a real expence, which is a 



njCX^ESSES AND FAILUIIES OF PKOFESSOR SMITH 


1905 


capital fixed and realized, ai it were, in his person. These talents, as they 
make a part of hu fortune, so they do likewise of that of the society to 
which he belongs (1976, 1 282).*' Unless we include instruction and 
training as productive labor—and Smith lists “men of letters of all kinds” 
as unproductive labor—the existence of productive labor is not even 
necessary to capital formation.'* 

The concept of productive labor never made a deep impression on 
Smith’s successors. Semor and McCulloch demed the distmction and 
John Mill refined it almost out of existence ^ So it was a small improper 
success. * 


m. The Proper Failurea 

Smith’s fadures to persuade economists were, like his successes, of two 
sorts failures that were proper, and failures that should have been 
successes We consider first the proper failures A proper failure contains 
an analytical error, or it presents an empirically tnvial or mistaken View 
of the world. 

The most conspicuous of Smith’s proper failures was the hierarchy of 
cmplo'ymcnts of capital, presented in book 2, chapter 5, “Of the DifTerent 
Employments of Capital” “A capital may be employed in four different 
ways' either, first, in procuring the rude produce annually required for 
the use and consumption of society; or secondly, in manufacturing and 
preparing that rude produce for immediate use and consumption, or, 
thirdly, in transporting either the rude or manufactured produce from the 
places where they abound to those where they arc wanted; or lastly, m 
dividing particular portions of either mto such small parcels as suit the 
occasional demands of those who want them” (1976, 1-361) Although 
all four activities are essential to one another or to “the general con¬ 
venience of the society,” capital is more productive—that is, sets naore 
labor to work and augments more the annual produce trf the society—if 

* WiUum Plsy&ir pointed out, in hu edition of the WeaM of Natims, that even Ae 
employment of menial kf vsnts might be a producuve act *' a cook, for ( ex a mp l e ) it a 
menial servant, but in a tavern he enriches hu master just as much as any other .foumey- 
mim, and on the other hand, a servant that spins or sews for the use of her m a ste r in a 
private family, u only acting as a menial servant, she u just supplying hu wants, and 
contributing to hu comforts in the same manner as when she lights the fire, or washes 
the apartments, yet she is a productive labourer by thu defimuon” (Playfoir 1805, 
2-2, n). 

’ See Mill 1967, pp. 280 ff A lea mfluential figure, David ftichanan, was a Mrtmg 
supporter of the dutinction (Buchanan 1817, pp 131-36) 

* Hla Mymt would vnsh to make the concept-of productive labor, and of cooamme 
growth more generally, central to Smith’s work, and a wholly proper nscoea (IMS, 
pp. 20-24). I would aaerc the contrary that growth u not the oi^ mqiortaat path to 
economic welfiue m Smith's system, and the concept of productive labor u not isaportant 
to growth. Blit the modesty of the succea of Smith's dmincboo u a matter of kbiorkal 
record 
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applied earlier in this sequence of operations than if applied later. The 
argument is simple: the capital of a retailer employs only himself and 
possibly a clerk—the remainder of the capital goes to purchase the goods 
he sells and therefore to replace the capitals of earlier stages At the other 
end, “no equal capital puts into motion a greater quantity of productive 
labour than that of the farmer” (ibid , p 363), for all of his capital goes to 
support labor, and in addition the icrtiiity of nature is enlisted 

That Smith was in error is unequivocal He allowed a system of 
financing to conceal the facts of economic life. If the consumer, instead 
of paying the retailer for the corn, had paid the farmer for raising it, the 
millwright for grinding it, the ship’s captain for transporting it, and the 
retailer for stockmg it, then everyone’s capital would have gone exclu¬ 
sively to the direct support of production, but nothing essential would 
have changed. 

If Smith had really incorporated this error into his theoretical system, 
the effects would have been disastrous As one important example, the 
argument for private control over investment would have been damaged 
beyond repair But it remained a local blemish (repeated however once, 
in Smith 1976, 2‘573), duly refuted by McCulloch and ignored by Semor 
andj S Mill (McCulloch 1825, pp 143 ff). Only Malthus gave it warm 
approval (1820, pp 30 ff). 

This error is commonly, and no doubt correctly, attributed to the 
influence of the Physiocrats there is no such thing as a free trip to Paris 
But this IS a history of the error, not an explanation for Smith’s commission 
of It (Docs the explanation lie in his antiluxury viewpoint^—reference 
will be made below to this attitude ) 

A related error, and one to which Smith attached greater importance 
if measured by the number of times it recuts in the Wealth of Nations, is the 
assignment of a hierarchy of social usefulness to domestic trade, foreign 
trade, and the carrying trade for foreign nations (1976,1 368 ff., 454,495- 
96 , 2:600-604, 610-11, 628-30) The internal trade, he argues, by the 
act of buying Scottish manufactures, carrying them to London, selling 
them and buying English corn to return to Edinburgh, replaces two 
British capitals, whereas the foreign trade replaces only one Bntish 
capital and the carrymg trade none In addition, the returns of local trade 
are quicker than in distant trade At this level of discourse. Smith is surely 
mistaken If these vanous trades are yielding equal annual rates of return 
on capital, a shift from foreign to domestic trade would reduce aggregate 
national output (although the export of capital can of course affect wages) 
This error received no greater approval from Smith’s sqpcessors (thus, 
Ricardo 1951, pp. 350-51). 

A very different error, and possibly not an error at all, is Smith’s 
measure of value—which came from the same source as that which may 
have led him to overvalue agriculture. Smith was acutely sensitive to the 
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instability of monetary measures of value, and an appreciable fraction of 
the Wealth of Natums is devoted to the chronicle of currency debasement 
and inflation. He proposes as the ultimate measure of value the disutility 
of 1 hour of ordmary labor: 

Equal quantities of labour, at all times and places, may be 
said to be of equal value to the labourer. In hu ordinary state of 
health, strength, and spirits, in the ordinary degree of hu skill 
and dexterity, he must always lay down the same portion of his 
ease, hu liberty, and hu happiness The price which he pays 
must always be the same, whatever may be the quantity of goods 
which he receives in return for it . Labour alone, therefore, 
never varying in its own value, u alone the ultimate and real 
standard by which the value of all commodities can at all times 
and places be estimated and compared [1976, 1 50-51] 

Smith’s error, if indeed it is an error, u to assume that the psychological 
cost of performing 1 hour of labor u more stable, in its significance-to a 
person, than the psychological pleasure from the consumption of some 
bundle of goods The instability of labor disutility arises from at least three 
circumstances (a) It varies with the conditions of technology—for 
example, the lifting of heavy weights has been almost eliminated in a 
modem society (A) It vanes with the degree of training of the worker the 
duutility of acquinng labor skills must be added to that of performing the 
work, and this addition was already increasing secularly with the pro¬ 
gressive divuion of labor (c) It vanes with the hours of labor, and hence 
With income The corresjxindmg view of a bundle of consumer goods 
yielding constant satisfacuon as the umt of value is fire of the second 
difficulty, possibly free of the first (depending how one views new com¬ 
modities), but of course not free of the third 

Smith’s rejection of consumpuon m fixing on a measure of value is 
attributable to his belief that luxuncs are frivolous and yield lUusory 
pleasures that vanish in the act of realization This view is extensivdy 
argued m his Theory of Moral Senlmunls (1797, pt 4, chap. 1) and receives 
adequate expression m the Wealth of Nations That Smith should attribute 
to almost all economic actors an illusion that greater wealth yields greater 
satisfactiom, an illusion that is perhaps never pierced, is one of his 
greatest idiosyncrasies 

Smith’s third error, and again perhaps we should label it a raisdirectioin, 
is his monetary theory, as presented in volume 1, book 2, chapter 2, 
“On Money ’’ Smith believes that there is a fixed demand for money in a 

’’ “For a pair of diamond bucUea perhaps, or for somethma as frivolous and tadem, 
[the feudal lords] exchanged the maintenance, or what is the same dung, the pnoe of the 
maintenance of a thousand men for a year, and with il the whote weight and aalhcrity 
which u couM give them” (Smith 1976,1-418-19 ) 
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society, in the special sense that only a certain quantity money will 
circulate and excessive sums will be exported (if the money is gold or 
silver) or be presented for redemption in gold (if the money is bank notes) 
The theory is tenable as a first approximation if, as Smith assumes, the 
foreign exchanges are fixed and the paper currency is fully convertible: 
the theory then is implicitly a simple purchasing power parity theory.' 

The complaint at Smith’s theory is not that it is formally erroneous but 
that it represents a retrogression from the generality and predictive power 
of the monetary theory in Hume’s essays. 


IV. The Improper Failures 

There remain the successes that Smith should have achieved, but did not 
It will appear paradoxical that his immense prestige and vast [lowers of 
persuasion should have failed to obtam acceptance of ideas that were 
correct, profound, and fecund. 

The first of these superior theories was a rejection of the subsistence 
theory of wages Smith, it will be recalled, gave four expheit reasons for 
believing wages were not generally at a subsistence level in Great Britain. 
(1) Summer wages exceed winter wages, but the cost of subsistence vanes 
inversely (2) Subsistence vanes substantially in cost from year to year, 
but some wages change very slowly (3) Subsistence vanes substantially 
from place to place, but wages vary less by place (4) Vanations over time 
and place in the cost of subsistence are often inverse to those of wages 
(1976, 1.91-93). All of these proofs, particularly the first two, suffer from 
a concentration on short-run correspondences of wages and the cost of 
subsistence, but they carry considerable weight In addition Smith offers 
the powerful long-run example of the differences in real wages between 
England and the American colonies (ibid., pp. 87-88), an example whose 
persistence made it stronger with each passing year 

Smith proposed an alternative theory, and one which was surely more 
vahd than the subsistence theory as a predictor of wage rates. He proposed 
that “the” wage rate of (say) unskilled labor was given by wage rate = 
subsistence level -t- A(A [capital]/A [time]), (A > 0), that is, that popula¬ 
tion lagged changes in capital, so . it is in the progressive state, while 
the society is advancing to the further acquisition, rather than when it 
has acquired its full complement of riches, that the condition of the 
labouring poor, of the great body of the people, seems to be the happiest 
and the most comfortable. It is hard in the stationary, and miserable in 
the declining state” (ibid., p 99). This wage theory, despite its great 
plausibihty, vfas easily vsuiquished for a generation by Malthus’s simple 
theory (whieh set A » 0). 

* Smith assumes the full convertibUity of paper money (ibid, p. 329). 
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A second of Smith’s theories took slightly more than a century to 
achieve currency—it was his theory of rent. He consistendy treated the 
rent of land as it should be treated - any one use of land had to pay a rent, 
which was a cost of production, to draw the land away from other uses, 
whereas for all uses combined, rent was a residual Thu theory is present 
in volume 1, book 1, chapter 11, “The Rent of Land,” with hardly any 
ambiguity but with hardly any exphcitness Indeed, I used to suspect 
my own reading of it until I discovered an early and wholly concordant 
treatment by D H. Buchanan (1929) It is difficult in retrospect to see 
how the many recognitions of the alternative cost theory received so little 
attention, as when Smith says, “As an acre of land, therefore, will produce 
a much smaller quantity of the one species of food [meat] than of the 
other [com], the infenonty of the quantity must be compensated by the 
superiority of the price If it u more than compensated, more com land 
would be turned into pasture, and if it was not compensated, part of 
what was in pasture would be brought back into com” (1976, 1 165, 168, 
175, etc) John Stuart Mill gave thu theory timid recognition, .and 
Marshall refused to give it full credit But unlike the other theories of 
Smith under discussion, the correct theory here is only partly cxphdt and 
was fragmented m presentation, so he rather than his successors deserve 
the larger blame for its neglect 

The last of Smith’s regrettable failures is one for which he is over¬ 
whelmingly famous—the division of labor How can it be that the famous 
opening chapters of his book, and the pin factory he gave immortality, 
can be considered a failure’ Are they not cited as often as any passages 
m all economics’ Indeed, over the generations they are.® 

The failure is different almost no one used or now uses the theory of 
division of labor, for the excellent reason that there is scaredy such a 
theory. The description of division of labor was much enlarged in 
Babbage’s account of manufactures, and the phenomenon bes at the base 
of that part of Marshall’s theory of external econonues which attends to 
localization of industry There are more praises and even mild use of 
Smith’s theorem that the division of labor is limited by the extent of the 
market in essays by Allyn Young and myself, and Ronald Coase’s woric on 
the firm is clearly in the hne of descent (Young 1928; Coase 1937; 
Stigler 1951). But there is no standard, opierable theory to describe what 
Smith argued to be the mainspring of economic progres s . 

Simth gave the division of labor an immensely convincing presentatkm 
—it seems to me as persuasive a case for the power of specialization today 
as it appeared to Smith Yet there is no evidence, so far as 1 know, of smy 
serious advance in the theory of the subject since his time, and tpedaliza- 

* Babbage repwti tte dramatic story of how M Prony wasesiabled, byreadiagSiailh 
on thu subject, to plan the great mathematical tables of the French revoluctonary govern¬ 
ment (1842, pp. 191-95) 
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tion IS not an integral part of the modem theory of production, which 
may well be aui explanation for the fact that the modem theory of 
economies of scale is httle more than a set of alternative possibilities. 


V. The Recognition of Success and Failure 

It IS a general rule of scientific work that a scholar’s successes and failures 
are judged by his contemporaries, and their judgment is accepted by later 
scholars. Allowing for the fact that Smith wrote when there were few even 
part-time economists, so we may perhaps treat the early mneteenth 
century as near contemporary, his experience confirms this rule. Certainly 
all of Smith’s successes, proper and improper, were achieved within 50 years 
of their initial publication All of his failures, projier and impropter, were 
similarly achieved in this period. It is almost (but not quite) tautological 
that proper successes and proper failures be promptly recognized at such, 
but It IS not inevitable that an improper success ^recall that Smith’s on 
productive and unproductive labor was a modest success) will soon be 
dispatched 

As for improper failures, the interesting point is that they do not 
influence the later adopuon of the neglected contribution When the 
theory of rent was finally set straight—a development which took place 
pnmarily in the period from 1890 to 1910—the correct formulation owed 
nothing to Smith’s profound but inarticulate insight When the Mal¬ 
thusian wage theory was abandoned, as it was on an ever-widening scale 
from 1825 on, it was not Smith’s highly plausible theory of population 
lags that was adopted In fact, for a long time no alternative theory was 
adopted, and population receded from economic attention It is perhaps 
rash to complete the trilogy, for these are three scientific tragedies, by 
asserung that when a theory of specialization comes it will owe little 
to Smith, but on historical grounds it is even rasher to assert the 
converse 

There are, of course, exceptions to the rule that much later scientific 
descendants accept the judgment of a man’s contemporaries: perhaps 
Cantillon, Von Thunen, Cournot, and Gossen arc the leading exceptions 
in the history of economics. These exceptions were for Schumpeter the 
source of considerable lament at the closed minds and narrow visions of 
contemporaries (Schumpeter 1954, pp 463 ff., and elsewhere), but it 
seems unfruitful to expect of a science that it immediately value all 
scientific work at its ultimate worth, never erring in deficit or in excess 

The rule of the dominance of contemporary judgments, however, rests 
upon another basis: science is a social pursuit of knowledge,^ not a census 
of independent individuals. A scholar who does not influence his con¬ 
temporaries—^who does not persuade them to work differently—^is not an 
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effective member of that science. Occasionally he may mdeed have been 
too farsighted—inventing disk brakes before the internal combustion 
machine was known—but this is so rare a cause of failure that there cannot 
be many less efficient ways to discover good unexploited ideas than by 
reading earlier hterature The overwhelming cause of failure of scholars 
is that their ideas were erroneous or infertile or their development too 
primitive to provide useful guidance to their contemporaries That is the 
proper reason for a judgment of failure m a social enterprise, and later 
scholars are quite sensible in accepting the verdict m perpetmty. 


VL The Sources of Success and Fsulure 

In the long run nothing is more essenual to a theory than that it be right, 
but we cannot even pause for a new sentence before remarking that 
rightness means limited wrongness The theory must help in explaining to 
the world that economics is attempting to understand, and a partial 
explanation is better than none 

Logical error is sometimes enough to disqualify a theory—that is why 
Smith’s four-layered hierarchy of employments of capital never had a 
prospect of scientific prospienty Usually, however, it is possible to retain 
the substance of a theory in a logical reformulation Perhaps that is the 
reason that logical criticisms of Smith’s hierarchical theory were not 
common—economists like Ricardo simply ignored this theory, and it is 
difficult to doubt that their aversion was at least partly due to a belief 
that the whole approach was infertile and contrived 

Blemishes, however, will exist m every' theory the logic may be 
reasonably rigorous—although standards of ngor arc not unchanging— 
but the very formulation of a problem will, in time, prove to be obtuse. 

The acceptability of Smith’s theories, logic suidc, was very little 
influenced by the strength of the specific evidence he gave in their support. 
His strong empirical arguments against a subsistence theory of wages 
were ignored, whereas his support for the theorem on equalization of rates 
of return under competition was only casual and anecdotal. To say that a 
proof is nonspecific and nonquantitauve is not to say that it is unweighty: 
if the theorem was congruent with widely observed phenomena—the 
growmg number of members of prosperous trades, the fall of prices of 
new goods over time— then one was prepared to follow the theorem into 
unobserved places A century later, however, when Cliffc-Leslie denied 
the tendency of rates of return to approach equabty, there was precious 
little documented evidence to refute him 

But the proof of the ubiquity of the division of labor certainly also met 
this test of congruence with common observation: in iact, irreristildy so. 
Ask a modem economist to name an instance of mRspecialization of labor 
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and he will be lucky to remember Robinson Crusoe. Yet, as we saw, there 
has been scarcely any systematic or regular use of this concept in economic 
analysis. 

We have already hinted at the diflerence between the fates of the 
theorems on division of labor and on rates of return. The latter was a 
generalization of enormous power and could be used immediately on the 
most obtrusive and important questions: why some occupations earned 
more than others, why mercantilism and similar state interventions, as 
well as private monopoly, led to misallocations of resources, and who 
would bear various taxes. The theory of division of labor is not devoid 
of consequences—that it is limited by the extent of the market makes it 
relevant to protectionism, for example—but the uses were few and far 
between. 

So Smith was successful where he deserved to be successful—above all 
in providing a theorem of almost unlimited power on the behavior of man. 
His construct of the self-interest-seeking individual in a compeutive 
environment is Newtonian in its universality That we are today busily 
extending this construct into areas of economic and social behavior to 
which Smith himself gave only unsystematic study is tribute to both the 
grandeur and the durabdity of his achievement. 
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Futures Trading and Market Information 


Charles C. Cox 

Ohu StaU UntvirsUf 


This paper investigates the efi«:t of organized futures trading on 
information in spot markets. First, a model is developed that r^tei 
spot-pnce behavior and market information. The model can be viewed 
as a particular efficient markets model, thu connection provides 
additional implications about price behavior and information. Next, 
price senes for six different commodities are mvestigated for an 
information effect of futures trading For each commodity, the em|mical 
evidence mdicates that futures trading increases traders* informatioii 
about forces affectmg supply and demand. 


The influence of futures trading on commodity prices has long been a 
controversial subject. For some 80 years, there have been fanners and 
other agncuitural mterests who have claimed that futures trading 
destabilizes spot pnees and thereby imposes losses on producers and 
consumers. Congress has deaded that futures trading frequently causes 
unreasonable pnee fluctuations and has enacted several laws regulating 
organized trading in commodity futures' trading m onion futures b pro¬ 
hibited, and futures trading m all other commodities is r^ulated by the 
Commodity Futures Trading Commission.* The congressional hearing 
on regulation of futures markets show that the regulators have neither a 
theory of destabihzing futures tradmg nor empirical evidence of desta¬ 
bilized prices. Several economists have studied futures trading and prkc 
variability by comparing price ranges or variances m a period of no 


Thu paper it drawn from my doctoral duMnanon (‘The Regulaban of Futum 
Trading,” Univetsity of Chicago, 1975) I am indebted to George Sti|^r, Lester Teher, 
and the late Reuben KesKl fOT viduable advice and cnUcism. 

‘ Trading in onion futures u prohibited by PX 65-839, August 28, 1938,72 Stal. lOtS. 
Trading in other commodities u regulated by the Commodity Futiisa Trading 
Commiaimi Act of 1974, P.L 93-463, 88 Stat. 1389 Pnor to 1974, fimirea tradiag ia 
most agricultural products was regulal^ by the Coausodity Exchange Ad. 


CJwnjjS rf fsaiw Ftmu^, 1976. eol 64, no. 6} 
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futures tradmg and a period of active futures trading.^ Some conclude 
that futures trading reduces price fluctuations; others find no difletence. 
None of these studies offer much theoretical explanation of the empirical 
results 

This paper takes a different approach to the price effects of futures 
trading. I consider the relation between futures trading, market infor* 
mation, and spot prices, and I develop a model to analyze the information 
effect of futures trading In the context of the model, empirical eridence 
on commodities’ price behavior indicates that futures trading increases 
the information incorporated in a commodity’s spot price The results 
are mconsistent with the view that futures trading destabilizes spot prices 
in a way that is harmful to traders who handle the physical commodity. 


I. Price Effects of Futures Trading 

The relation between spot and futures prices together with certain 
characteristics of futures markets suggest that price effects of futures 
trading result from a change in the state of firms’ price expectations. 
Telser (1958, 1967) shows that a futures price is an average of traders’ 
expectations of the spot pnee that will prevail at the futures contract’s 
maturity, and that for storable commodities, expected and current spot 
prices differ only by the net marginal cost of storage. Expected and 
current spot prices are determmed simultaneously, and any change in 
expected prices induces a reallocation of the commodity between storage 
and current supply, thereby affecting the sjxit price Futures trading can 
effect a state change in price expectations by altering the quantity of 
traders’ information Expected pnees depend on current information 
about future supply and demand- more informed predictions are more 
accurate than less informed predictions. If information were fiee, all 
firms would have full knowledge of the evidence on future conditions and 
there would be no reason to believe that futures trading could influence 
price expectations However, m real markets bits of information are 
dispersed among numerous individuals, the information changes fre¬ 
quently and is costly to acquire and commumcate. Therefore, firms’ price 
expectations reflect information that is neither complete nor perfectly 

^ Hieronymuf (1960), Working (I960}, Gray (1963), and Johnson (1973) studied 
onions Working, Hieronymus, and Gray concluded that futures trading stabilued oiuon 
paces, but Johnson concluded that there was no price effect of futures trading Naik 
(1970) analyied groundnut, linseed, and faestuui. He concluded that futures trading 
redact the vsuiatwn in groundnut and hnseed prices but did not a^thessian pnees. 
Hooker (1901) and Tomek (1971) studied wheat, both concluded that the vanadon in 
wheat pncca decreased in penods with futures trading. Emery (1696) studied cotton and 
conclu^ that iiitures trading reduced the yearly range of cotton prioea. Taylor and 
Licutbold (1974) investigated cattle and Powen (1970) invmtignted pork bdies a«l 
cattle. Both stu^ concluded that short-term price vmrfetloiis are significantly reduced 
udien there it futures trading. 
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accurate, and the introduction of futures trading can produce either 
more or less informed price expectations 

There are at least two reasons for bcheving that futures trading <*»" 
alter the amount of information reflected in expected prices. First, 
organized futures trading attracts an additional set of tradm to a com¬ 
modity’s market: speculators who luxjuirc and evaluate information in 
order to predict prices but who do not handle the physical commodity. * 
When these speculators have either a net long or short position in the 
futures market, hedgers (Arms that deal in the physical commodity) have 
a corresponding net short or long position which causes the amount of 
stocks held for later consumption to be different than it would have been 
in the absence of futures tradii^. With different stocks, firms’ price 
expectations arc different too Because the speculators added by futures 
trading may be more or less informed about future conditfons than 
traders who handle the physical commodity, the futures price can be 
consistendy cither a more or less accurate prediction of the spot price than 
the firms’ expectations without futures trading. Cnbcs of futures trading 
sometimes contend that speculators in futures markets arc generally 
umnformed amateurs, while those more favorable to speculators empha¬ 
size that specialization should bnng efficiency m pnee predictions. 
Relatively informed speculators would cam profits, while relatively 
umnformed speculators would find themselves suffering losses over time. 
Nevertheless, if umnformed speculators are wiUmg to pay for the chance 
to earn profits from trading, and if new uninformed speculators enter the 
market and replace those who cannot sustain losses, a set of uninformed 
speculators would survive. A pnon, it is impossible to determine whether 
speculators attracted by futures trading arc more or less informed on 
average than other traders in the market Empirical evidence on this 
question is inconclusive, the results of several studies indicate that laige- 
scale, professional speculators can profitably forecast commodity prices, 
but small traders cannot.* 

* Speculators take a long or short posiUon in the futures market when they expect the 
futures price to rue or fall Relatively low costs of transacting in futuret markets make 
It worthwhile for these speculators to close out their positions with an oflkeiting sale or 
purchase of futures contracts rather than accepung delivery of and scUuig, or acquiring 
and deliveniig, the physical commodity. With futures trading, specufotors can bear pnoe 
risks whenever they expect profits without establishing trade connections for merchanda- 
ing the commodity. u not to say that there arc no speculators trading a comnodily 
in the abaence of futures trading Whenever stocks of a co mmo dity arc held in an 
uncertain world, someone speculates by bearing the price risk of stockbatdmg. Fottmi 
trading attracts additional speculators who would not trade the commodity withoait a 
futures market. 

* Stewart (1949) smalyied fotures-trading accounts that were mainly for s in nl l i rnfc 
speculators and found that Iosks greatly exceeded profits HouthaUber (1957) assd 
Rockwell (.1967) used data on futures paces and traden’ oommitmentt and aauBgilaaai 
about trading to eadmate gams and losses. Both found that large qteadatott earaod 
profili and small ipeciilaion incurred IcNct. Usmg a similar method, WmfciiC (1951) 
estimated that speadaton in wheat futures, as a group, incurred fosses. 
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A second reason why futures trading can change the amount of traders’ 
information concerns the cost of traiuactmg. Without futures trading, 
individuals’ expectations may differ widely, but often it is not worthwhile 
to commumcate that information A formal futures market reduces the 
cost of transacting because trading is completely centralized. Relative to 
dispersed trading and private negotiations, it is cheaper to identify 
potential traders, search for the best bid or offer, and negotiate a contract 
in a futures market. It becomes worthwhile for more individuals to trade 
and thereby communicate their information. The dispersed information 
on supply and demand is concentrated in one place and is all reflected in 
a single futures pnee ^ All futures traders acquire this information, and 
because futures prices are widely publicized, the information incorporated 
in a futures price can be acquired cheaply by indmduak who do not trade 
in futures markets. The magnitude of this effect depends upion the 
amount of the reduction in the cost of transacting. Organized futures 
trading should produce a larger effect the more decentrahzed a com¬ 
modity’s spot market is and the more numerous a commodity’s traders 
are, since it is likely that the reduction in transacting cost will vary 
directly with these factors. 

In order to investigate these effects of futures trading, it is necessary 
to specify the relations between information, pnee expectations, and the 
behavior of spot prices 


Market Infonnatton and Pnee Behavior 

Consider a market with the following characteristics Demand for the 
commodity fluctuates over time due to random shocks. Production is 
subject to a fixed lag, so the quantity produced depends on producers’ 
price forecasts Stocks of the commodity arc held to smooth consumption 
over time. Information consists of a knowledge of the random shocks that 
affect demand, and, due to the cost of information, not all traders possess 
the most recent information Expectations arc formed as if the market 
calculates expected values conditional on the traders’ information and 
the structure of the market. Although price expectauons differ among 
firms—there is some distribution of price expectations—the model 
developed here does not take account of the dispersion of expectations. 
Finns’ expcctadons are represented by a single expected price that is 
defined as an average of individual expected prices.® The following 


* The role of a market pnee in sununanzing and conunumcakng infocmation is 
discussed by Hayek (1945). 

* Telser (1958) has used a market’s expected pnee as an analyucal device to develop 
an industry stockholding schedule. He suggests that the expected pnee can either b< 
defined as an average or be derived fiom the relation between individual schedules am 
total market quantities. Houthakker (1968) has severely cribcized the use of an expecto 
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equations, based on a model by Muth (1961), describe the market and 
the effect on price behavior of a change in the quantity of traden’ 


information. 

Po ~ PPt ~ ®i (Consumption demand), (la) 
•S, = Vo + (Production), (lb) 

/, = Ko + *(^'+1 - Pi) (Supply of storage), (Ic) 
C, + I, = S, + /,_j (Market cquilibnum), (Id) 


where P, is the pnee in period t, a the market’s expectation of the 
price that will prevail in period t, given the traders’ information through 
period t — 1, and e, is a random disturbance aifccung demand, C,. ^ 
Assume that the e’s are independent and identically distributed, and that 
expected prices can be expressed as hnear combinations of these distur¬ 
bances The current price, then, is a bnear function of the s’s, 

P, = T. ( 2 ) 

1-0 

From the expectations assumption, the expected price is the expected 
value of Pf conditional on the traders’ information through period 1—1. 

P' = VoE[t,) + {[- f)VrE{e..t) + + f) -h K 

* /»^i«.-i + S yfi,., + K, 

1=1 

where / is the fraction of the traders that possesses the information e,_| 
in period < — 1 

In invcstigaUng a market for the effects of a change in the quantity 
of market information, that is, a change m f, neither the price expectations 
nor the random shocks can be observed directly The actual prices. 


pnee for analyiu of futures tratluig; One of fau major objections is that the procethitc 
by which individual expected prices ^ould be aggregated has not been specified. 
Furthermore, he objects to focusing exclusively on pnee expectauons, as I do in this 
essay, because he argues that individual expected pnees have unbiguoiis effects on 
traders’ behavior unless a number of other variables, eg, the wealth effect of pnee 
changes, are taken into account. Qcarly, there are variables other than pnee expectations 
that mfluence pnee movements, and an average of expected prices is only an appraii- 
imaUon, but my goal is to concentrate on information and the behavior of spot pnees. 
Whether my model is usefiil for analyzing Uus problem depends on its ability to predict 
actual pnee behavior 

^ In thu model, random disturbances affect only demand because that is wffiaent to 
make P, a stochastic variable. Although tt would seem more realistic to include a nadem 
term in production too, adding a disturbance hkc s, to (lb) neither increasa nor changes 
the model’s implications about information and price behavior. Under different 
asnimpboas about the disturbances, however, this cooclimon does not hoM. See ^fei■oa 
(1975). 
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however, are observable. Therefore, to make this model operational it is 
necessary to solve for the expected price in terms of past prices. That is. 


p; - g + H. (4) 

With equations (1) and (4), it is possible to derive a testable hypothesis 
about the effect of futures trading on the behavior of market prices. 
Hence, the task is to solve for the Z’s of (4) in terms of the parameters 
of equations (1), then to find the effect of a change in / on the relation 
between prices. To do so, it is convenient to start by specifymg the 
relationship between the F’s imphed by equations (l)-(3). 

Substituting (2) and (3) into (1) yields the transformed market 
equilibrium equation: 

[(^0 + ao) - m - (^ + a) f; + a(fV,t, + f) F, 

1-0 \ 1-2 / 

= [(?o + «o) + y-K”] + (y + «) ^/^i«r-i + ^ (5) 

flO 

- « ^ + e, 

For (3) to hold for all possible shocks, the coefficients of the corresponding 
s’s must be equal, and the constant terms in brackets must be the same. 
Hence, 

-(a + + <x/V, = 1 (6a) 

aFo - [a(l + /) + y/]F, + bFj = 0 (6b) 

aFj.j - (2<x + P + y)V, + aF,+ , =0 (» = 2, 3,4, ..). (6c) 

Equation (6c) is a homogeneous, second-order difference equation for 
which the solution is. 


V, = r‘"‘Fj 


(1 = 2, 3,4,...), 


( 7 ) 


where r is the smaller root (0 < r < 1) of the characteristic equation 
for (6c) and is a function of a, P, and y.* 

Substituting (7) into (6b) and transforming yields 


_ ? _ 

Fo “ [a(l + f - T) + P + yf}‘ 


( 8 ) 


* Sufficient conffidons for real and distinct roots in the charactendic equation for (6c' 
are a > 0 uid -f r) > 0. The roots occur in reciprocal pairs, so only one root is les 
than one in absotute value. From (2), it follows that (6c) is suUe or P, would be infinite 
That is, the reqidrement that all bounded sequences of disturbances produce onl 
bounded sequences of prices inqilies that (6c) u stable. Therefore, the coefficient of tb 
huger root in the general sdudm must be aero. 
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Now the solution of (4) follows easily; substituting (2) and (3) into (4) 
yields 

/^i®/-i + ^ ^ Zj — + H. 

(®) 

Like (5), (9) must hold for all possible shocks, so the corresponding 
coefficients of the e’s are equal. 

/F, = Z,Fo (10a) 

I 

^< = L (‘ = 2, 3,4, .). (10b) 

y-i 

Substituting (7), (8), into (10) and solving for Zj gives 

Z, = f4> (11a) 

Z, = (r - /0)0(r - (i = 2, 3. 4, . ). (11b) 

Equations (11) produce the desired form for (4). 

Pt = f<f>P..t + E [(^ - MHr - + ff ( 12 ) 

Combimng (12) and (1), the market equilibnum equation yields 

+ ^ y) - y - (r - ds) 

yHj <p — n — ni rrri. 


P) 


J’2 


+ -- 

(a/0 - a - P) 

Let 


J _ (Va - Po+ y^) 

” (a/0 - a - P) 

(14a) 

ii =0 

(14b) 

/0)0[(a + y) - a(r - 0)l(r - 0)^-* 

(j = 2,3.4,...) 

(14c) 

(a/0 - a - P) 

(a/0 - CL - p) 

(I4d) 

00 

= *0 + E */•-> 

(15) 
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Analysis of equations (14) shows that the bj» have the following 
properties: 

> 0 

1 odd 


i > 0 if j is 
\ <0 ifj is 


even 


for 0 < / < 1 and (j = 2, 3, 4,...) 


IM > U = 1 . 2 . 3. .) 

|A;| < 1 (j = 2,3,4, ...). 


Thus the model implies that when some traders have not acquired the 
most recent market information, the current market price will equal a 
hnear combination of past prices plus a random-error term, that is, 
equation (15) The coefficients of past prices alternate in sign starting 
with a positive coefficient for the price immediately preceding the current 
price and the earher the pnee, the smaller in absolute value is its 
coefficient. 

An increase in market information acquired by the traders is equivalent 
to an increase inf The effect of increased information on the relationship 
between the prices is found by differentiating bj with respect to / By 
equations (14): 

^ < 0 (j = 1, 2, 3,. .) (16a) 

of 

With an increase in market information, the coefficients of past prices in 
equation (15) all decrease in absolute value Also, it follows from 
equations {14d) and (15) that an increase in information decreases the 
variance of the price-forecast error. 

^ < 0 (16b) 

Of 

In the extreme case where all traders know the latest market information, 
that IS, in the case where f = 1, equation (8) shows that ^ = r. 
Therefore, by (14) 

6. = r, (17a) 

(y« 2,3,4,.. ). / = 1. (17b) 

Equation (15) then becomes 

+ •’^.-1 + «*#• (18) 

4v 

Why are price efTects of uninfOTmed traders not eliminated by traders 
with complete information? Put another way, why would fully informed 
traders limit their market positions instead of trading so that price it 
pegged at the level cmisistent with the unbiased cstiinate of the iiitur 
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price? One reason is related to the idea that individuals’ expectations can 
differ for the same information set, the theory requires only that a 
weighted average of individual expectations based on complete inftama- 
tion equal the expected value of the future price /Jso, the fully informed 
traders need not be the same individuab in every period Consequently, 
lack of confidence in his price forecast would limit the commitment made 
by each informed trader even though the completely mformed traders 
will, as a group, earn profits at the expense of the group of traders with 
incomplete information. If there is no ruk aversion to limit the commit¬ 
ments of fully informed traders, then price effects of umnformed traders 
would persist only to the extent that costs of transacting make it 
unprofitable to completely ehminatc them 


Market Efficiency 

The preceding implications about information and price behavior are 
compatible with theory developed in the efficient-markets hterature'—the 
model itself can be viewed as a particular efficient-markets model * The 
work on efficient markets assumes that market eqmhbrium can be stated 
in terms of expected values of price changes, and that prices in an efiScient 
market fully reflect available information From these assumptaoos, it 
follows that the expected value of P, conditional on all information at 
/ — 1 is an unbiased estimate of P, That is, 

E[P, — E(P, I all information at f — 1)] = 0 (19) 

For the model developed above, the assumption that market expectations 
equal conditional expected values allows cquilibnum to be expressed in 
terms of expected values, available informaUon is fully reflected in the 
price when all traders are informed. So price in an efficient market is 
represented by (18), from which the “fair game” property (19) follows 
directly. 

E{P, ~ E[P, 1 (e,.,)]} = £(«,) = 0. (20) 

Implications about the sequence of observed prices in an efficient market 
depend upon the stochastic processes generating pnee changes. Several 
efficient-markets studies assume that successive pnee changes arc indepen¬ 
dent, idenucally distributed random variables, which implies that the 
sequence of pnee changes is a random walk. In my model, however, both 
systematic and random factors generate pnee changes Systematic changes 
are due to storage costs, and random changes are due to the disturbances 
that affect demand Hence, successive price changes arc not independent, 
and the sequence of price changes is not a random walk even wdieii 


* The efficient-maikeu literature u summansed m Fama (1970). 
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current information is fully reflected in the maricet price. To see this 
consider first differences of (18): 

P, - P,.t = r(P,.i - P,_a) - u,_i + (21) 

Equation (21) shows that successive price changes are correlated, although 
the history of earher price changes (P ,-2 — 

adds no additional information about P, — P,-i. If there were no 
storage in the model, only the independent, identically distributed 
disturbances in demand (s,) would cause price changes and the sequence 
of pnee changes would be a random walk. 

If information is not fully reflected in the price, efficient-markets theory 
implies only that the fair-game property will not hold Other than this, 
price behavior depends on the particular price-formation process and 
the information that does influence price The model m the present work 
focuses on differences in price behavior when more or less information is 
reflected in price, so it specifies both price formation and information in 
order to show how the relation between prices depends on the quantity 
of information (15). Since (15) is just one of many possible ways that a 
price series can behave, empincai analysis is necessary to determine if it 
corresponds to actual price behavior. However, (15) is consistent with 
effiaent-markets theory in that the sequence of differences between 
observed and expected pnee is not a fair game When P, is given by (15), 
expected value conditional on all information at f — 1 is the expected 
value of (18); hence 

00 

E{P, - E[P, I (*,-.i)]} = - t)p,_, + 1>A-J + constant. (22) 

The history of past prices can be used to make a price forecast that is on 
average more accurate than the conditional expected value. As a result, 
when there are uninformed traders in the market, it may be possible for a 
chart reader to devise a profitable trading rule based only on past spot 
prices 

The preceding model provides a framework for testing the hypothesis 
that commodity futures trading affects spot prices by increasing the 
market’s information about forces influencing supply and demand. The 
coeflicients of past prices in (15) reflect the quantity of the market's 
information, and since (15) is an autoregressive process, the coefficients 
can be estimated empirically from a time series of a commodity’s prices. 
If the estimated coefficients are consistent with the implications of the 
model, and if there is a difference between the coeflkients for periods 
with and without futures trading, the change can be interpreted as the 
contribution of futures trading to market information. Furthermore, an 
increase in information should decrease the returns fiom a trading rule. 
This too can be tested with a series of spot prices. The next section 
investigates the price behavior of six different commodities. 
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n. Empirical Analyais 

Evidence on price effects of futures trading is presented here for onions, 
potatoes, p>ork bellies, hogs, cattle, and frozen concentrated orange juice 
(FCOJ). For each of these commodities, price effects of futures trading 
are estimated by companng price behavior in a period with no futures 
trading to price behavior m a period when the commodity is traded in a 
formal futures market. 

The most important conclusions of this empirical analysis arc: 
(1) futures tradmg in a commodity increases the quantity of traders’ 
information, (2) a spot market is more cfiicient in the sense that price 
more fully reflects available market mformation when there u futures 
trading, (3) the behavior of prices does not support the claim that pro¬ 
ducers amd consumers arc harmed by price effects of futures trading. 

Data and Periods Examined 

Price senes for each commodity are compiled from trade journals that 
report wholesale spot pnees The pnccs arc observed on 1 day at 
weekly intervals in the market where futures tradmg occurs and are for 
commodities with the same specifications as the basis grade for futures 
trading. 

Sample periods depend on the length of time that a contmual price 
series has been reported and on the date when futures trading in a 
commodity began. Periods when a commodity’s pnees were pubhely 
controlled arc also recognized in choosing the sample periods, since 
reported and transaction pnees often differ dunng times of ]Nicc 
controb.^* Consequently, the lengths of the sample penods vary con¬ 
siderably; the longest sample contains 856 observations and the shortest 
contains 220 observations. The commodities, markets, and periods 
examined are listed m table 1 

Onim prices are taken hom two baac lources. for the penod 1928-59, ptioes are 
from the Oucagt Podser, a trade journal for the Oucago wholesale vegetable miuket; for 
the period 1960-71, pnees are from Qtuego Fresh Fmt ant VegeSaUt WkoUsdt Atsahat 
Prrees, a publication ^ (he U.S. Department of Agnculture Two data louroes are used 
because the Packer fiequendy foiled to report omon prices after 1959, and the weekly 
pnee reports miuie available by the USOA were only for the yean 1960 and later. Potato 
pnees ate all from the Jaamal ejf Cgmauror All pnees for pork belhes, hogs, and cattle 
are from the Nanetul Ptamaamr. Frozen concentrated orange juice pnees arc taken from 
the JamaM Cem s tteta. 

It The senes for oiuofB and potatoes exclude the period of World War II pcittconunfo 
because reported pciots were constant at ceding leveh and were not traosacdoo pnoet. 
The other cmiunodities' series start after World War 11 controls ended. Potatoes, pock, 
and cattle w ere subject to price controb for different penods dunng the KoRsn war, 
but pnees for these periods are included in the lamples for potatoes, pork beOi^ 
and cattle because ^ periods of pnoe control were ndanvely short and the data uaheala 
that ceUings were not eflective for most tff those penods. After August 1971, vaifous 
prioe-oonti^ pragmns at diffimt tunes set cefUngs on pnees of all the comm o diri es er 
their pr oc es s ed fianns. Therefore, aU of dw pnee series end prior to, or at the start at, 
eoBtndi in 1971, 
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TAe Ecemmutrie Model 


To investigate the impact of organized futures trading on traders' infor¬ 
mation an autoregression of the following form is estimated for periods 
with and without futures trading: 

ft 

^. = *0 + E (23) 

where P, is the spot price at time t, u, is a random term, j is an interval 
of 1 week. The expected values of the coefficicnU m (23) are 

\bj\ > 14y+j|, 

IM <1 (7 = 2. , n) 

^ I >0 ifj IS odd 
( <0 ifj IS even. 


for the fraction of fully informed traders/ < 1 For/ = 1, 0 < < 1 

and bj — 0 {j = 2, , n). A prion, the value of b^, is not determined. 

Equations (16) show that for a change in the state of traders’ infonnadon 



and 


Sf 


< 0. 


An increase in the fraction of traders with a knowledge of the current 
market information decreases both the coefficients of past prices and the 
mean-square error of estimate Therefore, effects of futures trading on 
market information can be analyzed by comparing estimates of (23) for 
periods with and without futures trading 

The theory in SccUon I shows price as an infimte-ordcr autor^rcasion 
(15), so the number of lagged prices in the econometric model (23) is 
detenmned on the empirical basis of mimmum mean-square error of 
estimate. The best-htting regressions for the sample periods with no 
futures trading are all obtained with five to 10 lagged prices. Auto- 
regressions of the same order are then estunated for the periods with 
futures trading in order to compare parameters with and without futures 
trading. 

The procedure used to estimate (23) is ordinary least squares, which 
yields consistent estimates of autoregressive parameters if the time series 
is stationary with mdependent and idenucaUy distributed disturbance 
terms. The price scries investigated here are weakly stationary—they all 
exhibit seasonal patterns, but for periods spanning several years the prices 
vary about a fixed mean like a stouonary senes. Also, the sample oorrelo- 
grams damp out without peaks at the seasonal lags. Hence, the series are 
treated as stationary and no adjustments are made fin: seasonality. 
Analysis of residuals suggests that the disturbances are well behaved. 



1938 


JOUltNAI, OF POUnOAL SOONOMY 

Only one of the regressions (FCOJ, 1957-66) has significant auto¬ 
correlation in the residuals. 

The price scries used here are all nominal prices. This is dictated by 
the fact that there is no weekly price index for the entire sample period 
that can be used to transform the series into real prices. Deflatmg the 
prices with the monthly BLS Wholesale Price Index produces only minor 
changes in the regression results that are repiorted below But this may 
result because the procedure does not change the relation between prices 
that are observed in the same month. 


The Effect of Futures Trading on Market Information 

The regressions in table 2 estimate (23) and compare spot-price behavior 
in the absence of futures trading to spot-price behavior during periods of 
futures trading. The evidence strongly supports the hypothesis that 
futures trading increases the quantity of traders’ market information. 

First, It IS reasonable to interpret differences in the regression estimates 
as changes in information because the model is able to predict relations 
between prices Estimated coefficients for each of the regressions conform 
to the expected values. For each of the 13 regressions, the absolute values 
of the coefficients Aj through A, are less than one and tend to conform 
to the prediction that \bj\ > |A^+i| Only one equation fits this pattern 
perfectly, but there are only three regressions for which half or more of 
the coefficients do not fit this pattern As expected, the coefficients tend 
to alternate in sign, and there is a tolerable correspondence between 
predicted and actual signs The regressions have, on average, 71 percent 
of the expected runs of signs For one regression all of the signs arc the 
same as predicted, and only three regressions have as many as four 
coefficients that differ from the predicted signs The interval of 1 week 
between price observations is arbitrary, and this interval influences the 
actual patterns of coefficients The agreement between the estimated and 
expected patterns of coefficients, therefore, suggests that the model is 
useful for analyzing week-to-week price behavior. 

Second, for every commodity comparisons of the regression estimates 
with and without futures trading indicate more informed traders during 
penods of futures trading As predicted for an increase m market infor¬ 
mation, the estimated coefficients during periods of futures trading are 
generally less in absolute value than the same coefficients in periods 
without futures trading. Thirty-five of the 48 coefficients decrease m 
absolute value, and only one of seven comparisons has an increase in as 

' * Readuali for each regretsion are tested for autocorrelation according to the 
procedure developed for autoregreisioiu by Box and Fierce (1970). The Durbin-Watson 
statistic which is usually used to test for autocorrelated disturbances is biased toward 
accepting the null hypotbeaii of independent disturbances for any autoregressiaa. 
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many as half of the coefficients.** However, the results are striking when 
significance of the coefficients is considered In the absence of futures 
trading, all of the commodities have one or more of the coefficienU 
through 6 , that are significantly different from zero at the 5 percent level 
For the r^essions during periods of futures trading, only two of the 37 
coefficients 63 through A, arc different from zero at the 10 percent level! 
That is, the regression estimates not only show increased information 
during periods of futures trading for each commodity, for four of the 
commodities the estimates are consistent with all traders knowing the 
latest market information 

Put another way, increased market information reduces the relation 
between current and past prices When all traders know the latest infor¬ 
mation, the current price “depends” only on the immediately preceding 
price. Therefore, the evidence reflected in comparisons of regression 
coefficients with and without futures trading can be convcmently sum¬ 
marized by testing the joint influence of P ,-2 through P,_, on P, The 
appropriate analysis-of-variance test is equivalent to testing the jnull 
hypothesis that (>2 — ^3 ~ ^4 — — K — ^ Tabic 3 reports this test 

for each regression. The results add evidence that futures trading increases 
market information In the absence of futures trading, the set of lagged 
prices through is significant at high levels for every commodity 
For periods of futures trading, all the sets of lagged prices arc insignificant 
even at low critical levels when the regression coefficients have low 
t-ratios So there is a consistent and significant decrease in the influence of 
past prices on the current price 

The results for omons arc important because trading in omon futures 
IS prohibited, and it is possible to analyze omon prices both prior to and 
after the time of futures trading In both of the periods with no futures 
trading, 1928-42 and 1959-71, the current price depends significantly on 
lagged prices other than P,_, as expected for a market with uninformed 
traders But dunng the penod of futures trading, 1948-59, lagged prices 
other than P,_j are insigmficant as predicted for a market with fully 
informed traders Besides indicaUng increased informaUon during the 
tone of futures trading, this finding provides evidence that the infarmation 
is due to futures trading rather than some other force that increases 
information over time. The same difference in significance of lagged 
prices is exhibited by pork bellies, hogs, and FCOJ when the periods 
prior to futures trading are compared to periods with futures trading. On 
the other hand, poutoes and cattle are noteworthy because the regression 
results indicate increased information with futures trading, but even then 

‘ * Although two-thirds of the coefficients decrease when there is futures trading, tbe 
set of coefBcienta difFcia significantly (at the 5 percent 1^) firom the set 

when there is no futures trading for only two of the seven tests The significandy diflerent 
regressions are ibr onions prior to futures trading and potatoes 
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TABLE 3 


ANALVHMP-VARIANaB Tut POE TMt CONTUBUnOM or 
TO THE ExTUUMBS SUM OF SfJVAMI 


CoHMODrrv and 
Pbkioo 

Numerator 

df 

Denominator 

F-Valob 

SioNmcANaa 

Level 

Onions. 

Sept. 1928-Apr. 1942 

4 

467 

10.674 

.01 

Srot 1948-Oct. 1959 

4 

363 

0.600 

• 

Nov. 1959-Apr. 1971 

4 

376 

2 702 

.05 

Potatoei. 

Oct 1925-July 1941 

Oct 1947-July 1971 

5 

611 

4.350 

.01 

5 

802 

1463 

.25* 

Pork bellici 

Oct 1949-Sept 1961 

4 

615 

3.050 

.05 

Oct 1961-Sept 1971 

4 

511 

0 556 

• 

Hogs 

Oct. 1949-Feb 1966 

7 

839 

2 321 

05 

Mar 1966-May 1970 

7 

203 

0 456 

• 

Cattle 

May 1949-Nov. 1964. 

8 

794 

7 887 

.01 

Dec 1964-JuIy 1971 

8 

329 

2.508 

05‘ 

FCOJ 

Jan 1957-Oct 1966 

9 

491 

2 918 

01 

Nov 1966-Aug. 1971 

9 

231 

0 283 

• 


■ The F-vdue Tor llu cootribuuoo of P(.], Pf4> P«-i> u 1 182, which u not urDificuitM the 23 

level 

^ The F'Value for the cootnbutKm of Pi-i, i* I 093, which it not tignificnnl at the 25 

level 

* Not tigniftcant at 25 level 


all traders arc not fully informed. For both commodities, P ,_2 remains 
highly sigmficant in the periods of futures trading. 

Another implication of increased information is a decrease in the 
variance of the price-forecast error. The empirical counterpart of al in 
(16) IS the standard error of estimate for the regressions in table 2. 
However, the levels of pnccs differ between the sample periods, tending 
to reduce the standard errors in periods of relatively low prices which 
correspond to periods without futures trading. To remove the pnee level 
effect, the standard errors of estimate are expressed as coefficients of 
variation in table 4. The results support the other evidence of increased 
information due to futures trading, six of the seven comparisons show a 
smaller coefficient of variation with futures trading. The conflicting 
result IS for onions, where the coefficient of variation decreases when 
onion futures are prohibited. 

In sum, the tests for each commodity strongly support the hypothesis 
that additional traden are informed of the latest market information due 
to futures trading. Hie evidence on the information effect of futures 
trading is remarkably consistent over different commodities and time 
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TABLE 4 


Stansaad Errom or EmiiATB a* Psrcentaoe> or the Sampia Miami 


Conunodity and 

Fenod 

SEof 

Eftunate 

Sample 

Mean 

Coefficient of 
Variation 

Onions: 

Sept. 192&-Apr. 1942 

0.249 

0804 

30.996 

Sept. 194e-Oct. 1959 

0 358 

1.646 

21 760 

Nov. 1959-Apr. 1971 

0 259 

1.995 

13.006 

Potatoes: 

Oct 1925-July 1941 

Oct. 1947-July 1971 

0 256 

1 707 

15 014 

0 414 

3J23 

12.473 

Pork bellies: 

Oct. 1949-Sept 1961 

1 728 

29 947 

5.771 

Oct 1961-Sept 1971 

1 708 

31 881 

5.357 

Hogi: 

Oct. 1949-Feb 1966 

0 667 

18 602 

3.585 

Mar. 1966-May 1970 

0 753 

22 445 

3.355 

Cattle* 

May 1949-Nov 1964 

0 704 

25 730 

2 737 

Dec 1964-July 1971 

0 552 

27 336 

2 019 

FCOJ* 

Jan. 1957-Oct. 1966 

1 772 

39 467 

4 490 

T'lov 1966-Aug 1971 

1 224 

32.950 

3.714 


periods. Thu leads me to conclude that a significant pnce effect 
futures trading reflects an increase in market information 


The Retttrru to a Trading Rule 

A major empirical unphcabon fiom the theory of efficient markets b 
that a trading rule based solely on the hutory of a commodity’s pnce will 
not be profitable if the market’s expected pnce fully reflects current 
market information. Evidence for the six commodities presented aboive 
indicates that those pnees do not fully reflect available information in the 
absence of futures trading. In penods with futures tradmg, however, 
prices of four commodities behave as if market information is fully reflected 
in the price and the other two commodities show mcreased information. 
Hence, it u possible that a chartut could cam profits from a trading 
rule in the penods with no futures trading, but the spot markets bec(»ne 
more effiaent when there u futures trading and a chartist’s profits should 
be eliminated or sharply reduced There.may not be actual co mmo dity 
markets where price changes are random—Houthakker (1961) has shown 
that trading rules for wheat and com futures are apparently pn^tsdile— 
but the important question for this study is whether there b a dififereaoe 
in profits that b consbtent with the evidence on informatioa. 
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The returns to one trading rule are examined here to sec if the predicted 
change does occur. These returns are gross returns because the calcu¬ 
lations do not include some costs such as the cost of transacting. Further¬ 
more, this is a special test because an unlimited number of trading rules 
could be devised. The trading system considered is the following Estimate 
an autoregression hke those in table 2 for the first half of each sample 
period and use that equation to forecast the price 1 week hence for each 
observation in the last half of the sample If the forecast is above the 
current price, buy one umt of the commodity and sell it at the market 
price 1 week hence If the forecast is below the current price, sell one unit 
of the commodity and replace it at the market price 1 week hence The 
return is measured as the difference between the selling and buying price. 

Table 5 contains the statistics perunent to this analysis First, consider 
the average returns from the trading system In the absence of futures 
trading, the average return is positive for all six commodities, but it is 
negative for three of the commodities when there is futures trading The 
trading system is risky in every case—none of the mean returns is as much 
as 25 percent of the standard deviation—however, the variability of 
returns increases in periods of futures trading for five of the six com¬ 
modities In order to compare magnitudes, the averages arc expressed as 
annual rates of return on the mean price for each trading period This is 
approximately the rate of return on investment for a chartist using the 
trading system With no futures trading, the rates of return range from 
11 to 389 percent, with futures trading the range is from —13 to 25 
percent The results for onions and potatoes are remarkable Prior to the 
time of futures trading, the rule yields an annual return of 389 and 108 
percent for onions and potatoes, respectively When there is futures 
tradmg in these commodities, the returns fall to — 1 and 15 percent 
Notice, too, that when onion futures arc prohibited, the return increases 
substantially to 25 percent Only one of the seven comparisons (FCOJ) 
shows a greater rat.' of return with than without futures trading Overall, 
the difference in returns to the trading rule is consistent with the prediction 
that spot markets are more efficient because of futures trading. This 
result is addiuonal support for the hypothesis that traders are more fully 
informed when there is organized futures trading in a commodity 

Could the markets be so imperfect that chartists would not learn of 
300, 100, or even 25 percent rates of return, enter the markets, and 
thereby reduce the returns to more “normal” levels? The answer to this 
question requires a knowledge of more than the sequence of market prices. 
The cost of transacting in the spot markets was ignored in calculating the 
returns; yet costs of identifying potential traders, searching for the best 
price, and negotiating other terms of the exchange would lower the net 
returns in every case. Abo, it u likely that the cost of transacting per unit 
of commodity traded declines enough that more than one unit would have 
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TABLE 5 

Returmi to a Tradino Rule Based on the History or Prices 


Commodity and 
Penoo 

Average 
Return 
per Trade 

SD 

of Rctunu 

Annual 
Rate of 
Return 

Number of 
Trades 

Onions. 

Sept 1935-Apr 1942 

0607 

0 261 

389 886 

240 

Mar. 1954-Oct 1959 

- 0005 

0368 

-1 782 

184 

Oct. 1965-Apr 1971 

0113 

0 303 

25 610 

191 

Potatoes 

Apr 1933-July 1941 

Mar 1960-July 1971 

0297 

0 251 

108 658 

313 

0106 

0 421 

15 652 

407 

Pork bellies 

Oct 1955-Sept 1961 

0942 

1 838 

17 644 

313 

Oct 1966-Sept 1971 

- 0843 

1 863 

-13 380 

261 

Hogs 

Dec 1957-Feb 1966 

0385 

0 607 

11 216 

430 

Apr 1968-May 1970 

0203 

0 732 

4 494 

lU 

Cattle 

Feb 1957-Nov 1964 

0864 

0 581 

18 188 

408 

Apr 1968-July 1971 

- 0187 

0 634 

-3 321 

174 

FCOJ- 

Dec 1961-Oct 1966 

1408 

1 988 

17 986 

257 

Apr 1969-Aug 1971 

1769 

1 013 

25 889 

126 


to be traded to make the system worthwhile If so, it is important to know 
about the breadth of the market, that is, whether an optimum size 
purchase or sale would change the market pnee enough to eliminate any 
potential profits For these reasons, the returns in table 5 do not seem 
unreasonably high. 


m. Conclusion 

The empirical evidence on price behavior clearly shows an information 
effect of futures trading Both week-to-wcek price analysis and returns to 
a trading system based on the history of prices yield results consistent 
with increased information from futures tradmg So market prices provide 
more accurate signals for resource allocaUon when there is futures trading 
in a commodity Previous work on price effects of futures trading has not 
investigated the relation between futures trading and market information. 
Yet the strength and consistency of the evidence reported here suggest that 
price effects of futures trading result mainly from more fully informed 
traders. 

The results in this study are direcdy relevant to pubhc pdicy because 
they contradict the main argument made m behalf of legislation that 
prohibits trsuling in onion futures and regulates futures trading in odm 
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commodities The data do not support the claim that price effecu of 
futures trading impose costs on producers, consumers, and others who 
handle the physical commodity. On the contrary, spot markets seem to 
work more efficiently because of futures trading. The prohibition of futures 
trading reduces market efficiency The other restrictions on futures trading 
may or may not benefit the public—^we do not know the effects of this 
regulation—but the argument for those restrictions is incorrect. 
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Consequences and Causes of Public 
Ownership of Urban Transit Facilities 


B. Peter Pashigian 

Unumsify of Chuago 


The reasons for the shift from private to public ownership of urban 
transit facilities are the subject of tf: paper. The regulation theory 
suggests that this shift is due to the increasing seventy of regulation, 
while the dechning-market and extemahties hypotheses suggest that 
increases in automobile ownership are the reason for reduced proBts and 
public ownership Regression results indicate that profit margins of 
pnvately owned systems are higher when regulation is by a state rather 
than a local agency Changes m profit margins over time are found to 
be directly related to increases in automobile ownership 


Introduction 

Public production of g^oods and services it somewhat of an embarrassment 
to most economists It exists, and will in all Idcclihood increase in impor¬ 
tance, but IS difficult to explain An acceptable theory of pubbe production 
has not yet appeared Several hypotheses have been advanced but have 
not been pursued or subjected to systematic tests This pajier examines the 
jjower of these hypotheses to cxplam the shift from pnvate to public 
production in the urban transit industry The urban transit mdustry is a 
relative newcomer to the area of pubhc production and for that reasmi 
IS an interesUng industry to study It has a long history of predominantly 
private production along with local or state regulation of fares and routes. 
In the last decade or so a dramatic shift toward public production hsis 
occurred. Among the 117 largest cities in 1970, only 10 had publicly 


This study was partially suj^iorted by a gnmt fiorn the Walgreen Foundatioo and by 
a grant from the Center for Management of Pidibc and Nonprofit Enteipnse, Qiadoate 
School of Business, Univemty of Queago I am indebted to the Amcnctui TVaiiiit 
AsMciatuHi for sup^yuig the data on transit operations and to the referees far suggesting 
improvements in the paper Responsibility for errors rests with the audior 
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owned transit systems in ld49. In the next 10 years, only three more 
systems became publicly owned. From 1960 to 1969, 31 systems were 
added to the rolls and 15 more became publicly owned from 1970 to 1971. 
What has changed to cause this shift after so many years of private 
production? Section I of this paper reviews several hypotheses of 
the causes of public ownership. Section II describes the sample and 
the sources and limitations of the data, and Section III introduces the 
regulation and ownership variables used in the regression analysis The 
effects of the regulation and ownership variables on profitability are 
studied m Section IV The comparative performance of public and 
private transit systems from 1960 to 1970 is examined in Section V. 
Section VI quantifies the relationship between changes m the size of 
selected special interest groups and changes in the profit margin of 
transit firms. The paper concludes with a summary 


1. Some Explsmadona of Public Production 

Explanations of public production arc few, and those that exist are 
incomplete This section provides a critical review of some possible 
candidates 

A The Regulation Hypothesu 

The regulation hypothesis asserts that regulation is an intervening step 
before public ownership After a time the regulation of prices and service 
becomes so stringent that a private firm can no longer cam a normal 
return Regulators may not permit fare increases to match cost mcreases 
or allow unprofitable routes to be discontinued Losses caused by more 
stringent regulation ultimately result in government ownership. Under 
government ownership the service is provided with costs exceeding 
revenues but with public subsidy * 

The reg^ulation theory lacks an explanation of why regulation becomes 
more stringent in one city and not in another and, like other theories, 
assumes but does not explam why net public subsidies for transit will be 
larger under public ownership than under private ownership. If this were 
not so, government r^^lation would be a perfect substitute for public 
ownership of transit facilities and there would be no need for government 
ownership. 

An extension of the regulation theory requires the identification and 
measurement of changes m the relative size of groups favoring or opposmg 
more stringent rq^ulation, public ownership, and public subsidies. 

‘ Thu view of regulation diffen from that ot the producer-protectioa theory, whidi 
makes the regulator an afent of the industry (Stigler 1971). 
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Increases in automobile ownership reduce the demand for urban transit. 
The reduced demand for urban transit does not, contrary to common 
opinion, have to result in unprofitable operations and pubhc ownership 
if the transit firm is allowed to reduce the number of routes and frequency 
of service and adjust fares. The increase in automobile ownership 
increases the relative voting strength of nonusers who will oppose pubhc 
ownership and subsidies and favor profitable transit operations. If worlters 
with low and middle incomes are the primary users of local transit, 
increases in the size of these groups would be associated with reduced 
profitability. Firms located in well-developed central business districts 
(CBD) would also favor low-cost-high-frcqucncy service to the CBD. 
This group appears to be better organized in the older cities where 
well-developed businesses and shopping centers exist 

The regulation theory assumes that users constitute a voting block 
large enough to use the political power of the state to redistribute wealth 
from nomisers in the form of a goods-in-kind subsidy. If users constitute 
too large a share of voters, any gains from a redistribution would be 
largely offset by the equivalent higher taxes incurred to cover taxes 
(Pcltzman 1971). It users arc too small a fraction of voters, they would 
have little political strength to affect the pohcics of the regulator Public 
ownership of transit facilities did occur first in cities where users repre¬ 
sented a larger share of all voters * Census data show that the mean 
proportion of all workers usmg transit to work in 1960 was 0.28 for 
systems publicly owned before 1960 and only 0 16 for systems privately 
owned in 1960 ^ Socializauon occurred first m cities where users had 
greater pohtical strength 

* If public ownenhip fiist occurmf in ciues where usen repmented ■ jmaller 
proportion of all voters, the special inlcrest theory loses its appeal and one would 
entertain a chanty hypoihesis The general public offen a goods-in-lnnd subsidy to a 
small ftacuon of the populaaon using local transit 

* The mean and standard deviation of the proportion of worken using public transit 
to work in 1960 are shown m the following table 



PKOFOaSION USDSO 


PuMJC Tbanot in 1960 


Mean 

SD 

Systems publicly owned befiwe 1960 (/f = 10) 

2S4 

157 

Systems privately owned m I960 (tV «■ 59) 

169 

.083 


On the other hand, systems becoming puUicly owned since 1959 had a somewhat 
■naUer proportion of worfceis usmg puUic transit m I960 than systems that remained 
privately owned Irom 1960-70. Consequently, the trend to pubhc ownership ilunng die 
1960s cannot be simply attributed to the exeicise of political strength of usen oTlocal 
transit. 
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The modem theory of regulation explains the incidence of r^pulation 
through an examination of the relative size and relative gains of special 
interest groups (Stigler 1971). The institutional device used to regulate 
an industry has in laige part been considered a detail. In the transit 
industry there is some impressive evidence that the political strength of 
users and nomiscrs is not independent of the form and type of regulation.* 
The results of a survey of 134 cities arc reproduced in table 1 and show 
that the probability of public ownership is lower when the regulation of 
fares is by a state public service commission. It appears that state com¬ 
missions have been less responsive to demands for lower fares or improved 
service unless state subsidies are provided ^ State governments have been 
reluctant to provide subsidies to local transit systems in urban centers 
because of the oppiosition of voters in rural and smaller urban and 
suburban communities 

If the severity of regulation does vary from city to city and depends 
in part on the regulating agency, government-owned firms will have 
smaller profit per vehicle mile (or profit margin) than regulated private 
firms Under the regulation hypothesis government ownership occurred 
because regulation did become so stringent that a normal return could no 
longer be earned.® If more stringent regulation occurs when the transit 
facility IS regulated by a local rather than state agency, then profit 
margins should be higher for firms regulated by state commissions The 
equality of profit margins for private and public systems constitutes 
evidence against the regulation hypothesis Higher profit margins for 
firivatc systems regulated by state rather than local agencies would be 
consistent with the regulation hypothesis but not predicted by the other 
hypotheses discussed in this paper 

The implications of the regulation hypothesis may be summarized as 
follows: (1) publicly owned systems should have lower profit margins 
than privately owned systems, (2) more stringent regulation may be 
expected when the transit facility is regulated by a local rather than a 
state agency; and (3) profit margins should decrease less over time, and 
the probability of a change to public ownership should be lower in cities 
where the relative size of nonusers, for example, auto owners, has 
increased. 

* The lonn and type of regulaUon may be endogenous and determined by the relaUve 
size of the opposing special interest groups However, the type of regulation in urban 
transit was often determined prior to the period of analysis 

’ Systems regulated by state commissions may have experienced smaller autonomous 
decreases in the demand for urban transit, experienced smaller decreases in profit 
margins, and therefore remained under private ownership. Evidence presented below 
rqects this hypothesis. 

* Privately owned systems are in markets where regulation u leas stringent or where 
the transition to pubbe ownership has not as yet occuired 
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PxmABlUTy OF PuBUC OWNEBSHIP AMD TyPE OP AoENCY ReOVLATWO FaKEI 


Type of Agency Regulatino Fakes 

Type of OwNEasHtp 

Private Public 

State commiiuon or agency 

38 

4 

lAical agency 



City council or commisnon 

23 

29 

Transit authonty or other metropolitan authonty 

3 

37 

Total 

64 

70 


SouKCE —R. L. Banki And Ajaocintes (1972, p 88) 


B The Declming-Industry Hypolhesu 

A more {xtpular hypothesis is that urban transit is a declining industry 
and, under recent cost conditions, an unprofitable one under any com¬ 
bination of fares and service levels The declining-industry hypothesis is 
an incomplete one, foe it only explains why the industry is an unprofitable 
one and not why government ownership must inevitably follow The 
demand for many products has decreased without subsequent government 
ownership of firms This hypothesis must be combined with another 
hypothesis, for example, the presence of externalities, if it is to explain 
why socialization occurs 

The declining-industry hypothesis could be tested by identifying the 
demand and cost functions in the respective markets and dctcrmming if 
any combination of fares and service levels would yield a normal return. 
In principle, one could determine whether a normal return could be 
earned if a system was allowed to abandon less frequently used routes, 
service the major arteries and streets of a city, and charge higher fares. 
Such tests are obviously difficult to conduct, so less comprehensive tests 
must be rehed on to evaluate the dcchmng-industry hypothesis. A 
reduction in demand is more likely to result in losses if there arc economies 
of scale rather than constant cost in the provision of transit services. If 
there are economies of scale, public ownership should have first appeared 
in the smaller markets even before transit firms experienced the large loss 
of riders because of the growth in auto ownership in the post-World War 
II period Table 2 shows the ownership status of transit facilities in the 
117 most populated cities in 1970 Ciues are classified into six groups, and 
the proportion of cities with public ownership is higher and public 
ownership occurred earlier in the group with the 20 largest cities. How¬ 
ever, cities in this group have higher wage rates, so any cost advantage 
due to scale may be offset by a higher factor cost. A comparison of groups 
3 through 6 shows no systematic variation of the wage rate or in the 
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owned transit systems in 1949. In the next 10 years, only three more 
systems became publicly owned. From 1960 to 1969, 31 systems were 
added to the rolls and 15 more became publicly owned from 1970 to 1971. 
What has changed to cause this shift after so many years of private 
production? Section I of this paper reviews several hypotheses of 
the causes of public ownership. Section II describes the sample and 
the sources and limitations of the data, and Section III introduces the 
regulation and ownership variables used in the regression analysis. The 
effects of the regulation and ownership variables on profitability are 
studied in Section IV. The comparative performance of public and 
private transit systems from 1960 to 1970 is examined in Section V. 
Section VI quantifies the relationship between changes in the size of 
selected special interest groups and changes in the profit margin of 
transit firms. The paper concludes with a summary 


I. Some Explanations of Public Production 

Explanations of public production are few, and those that exist are 
incomplete This section provides a critical review of some possible 
candidates 

A The Regulation Hypothesu 

The regulation hypothesis asserts that regulation is an intervening step 
before public ownership After a time the regulation of prices and service 
becomes so stringent that a private firm can no longer earn a normal 
return. Regulators may not permit fare increases to match cost increases 
or allow unprofitable routes to be discontinued Losses caused by more 
stringent r^ulation ultimately result in government ownership Under 
government ownership the service is provided with costs exceeding 
revenues but with public subsidy.* 

The regulauon theory lacks an explanation of why regulation becomes 
more stringent in one city and not in another and, like other theories, 
assumes but does not explain why net public subsidies for transit will be 
larger under public ownership than under private ownership. If this were 
not so, government regulauon would be a perfect substitute for public 
ownership of transit facilities and there would be no need for government 
ownership. 

An extension of the regulation theory requires the identification and 
measurement of changes in the relative size of groups favoring or opposing 
more stringent regulation, public ownership, and public subsidies. 

* This view of regulation diflen firem that of the producerprolectioa theory, vdtich 
makes the regulator an agent of the industry (Stigier 1971). 
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Increase! in automobile o%vnenhip reduce the demand for urban transit. 
The reduced demand for urban transit does not, contrary to r<wimr>n 
opinion, have to result m unprofitable operations and public ownership 
if the transit firm is allowed to reduce the number of routes and frequency 
of service and adjust fares. The increase in automobile ownership 
increases the relative voting strength of nonusers who will oppose public 
ownership and subsidies and favor profitable transit operations If workers 
with low and middle incomes are the primary users of local transit, 
increases in the size of these groups would be associated with reduced 
profitability. Firms located in well-developed central business districts 
(CBD) would also favor low-cost-high-frcquency service to the CBD. 
This group appears to be better organized in the older ciUcs where 
well-developed businesses and shoppmg centers exist 

The regulation theory assumes that users constitute a voting block 
large enough to use the political power of the state to redistribute wealth 
from nonusers in the form of a goods-m-kind subsidy If users consutute 
too large a share of voters, any gams from a redistnbuuon would- be 
largely offset by the equivalent higher taxes incurred to cover taxes 
(Peltzman 1971). It users are too small a fraction of voters, they would 
have little political strength to affect the policies of the regulator. Public 
ownership of transit facilities did occur first m cities where users repre¬ 
sented a larger share of all voters * Census data show that the mean 
propoition of all workers using transit to work in 1960 was 0.28 for 
systems publicly owned before I960 and only 0.16 for systems privately 
owned in 1960 ^ Socialization occurred first in cities where users had 
greater pohtical strength 

* If public ownership fint occurred in cines where users represented n smaUcr 
proportion of sJl voten, the special interest theory loses its appeal and one would 
entertain a chanty hypothesu The general public offers a goods-in-lund tubsuly to a 
small firacUon of the populauon using local transit 

* The mean and stimdard deviation of the proporboo of worken using public transit 
to w(»k in 1960 are shown in the fdknvuig table 
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Public TaAMsrr m 1960 


Mean 

SD 

Systems pubhety owned befixe 1960 (Af » 10) 

.284 

.157 

Systems privately owned in 1960 (N » 39) 

.163 

.063 


On the other hand, systems heomnuig pubbely owned nnoe 1939 had a somewhat 
smsdler proportion of work er s using public transTt in I960 than systems that remained 
pnvately owned from 1960-70. CooKquendy, the trend to public ownenhip during the 
1960s cannot be simply attributed to the exercise of pohtical strength of users at local 
transit. 
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The modem theory of regulation explains the incidence of regulation 
through an examination of the relative size and relative gains of special 
interest groups (Staler 1971). The institutional device used to regulate 
an industry has in large part been considered a detail. In the transit 
industry there is some impressive evidence that the political strength of 
users imd nonusers is not independent of the form and type of regulation.^ 
The results of a survey of 134 aties are reproduced in table 1 and show 
that the probability of public ownership is lower when the regulation of 
fares is by a state public service commission. It appears that state com¬ 
missions have been less responsive to demands for lower fares or improved 
service unless state subsidies are provided * State governments have been 
reluctant to provide subsidies to local transit systems m urban centers 
because of the opposition of voters in rural and smaller urban and 
suburban commumties 

If the severity of regulation docs vtiry from city to city and depends 
in part on the regulating agency, government-owned firms will have 
smaller profit per vehicle nule (or profit margin) than regulated private 
firms. Under the regulation hypothesis government ownership occurred 
because regulation did become so stringent that a normal return could no 
longer be earned.* If more stringent regulation occurs when the transit 
facility IS regulated by a local rather than state agency, then profit 
maigins should be higher for firms regulated by state commissions The 
equahty of profit margins for pnvate and public systems constitutes 
evidence against the regulation hypothesis Higher profit margins for 
private systems regulated by state rather than local agencies would be 
consistent with the regulation hypothesis but not predicted by the other 
hypotheses discussed in this paper 

The implications of the regulation hypothesis may be summarized as 
follows' (1) publicly owned systems should have lower profit margins 
than privately owned systems; (2) more stringent r^^ulation may be 
expected when the transit facility is regulated by a local rather than a 
state agency, and (3) profit margins should decretwe less over time, and 
the probabihty of a change to public ownership should be lower in cities 
where the relative size of nonusers, for example, auto owners, has 
increased 

* The form and type of regulation may be endogenous and determined by the relative 
size of the oppoung special interest group* However, the type of regulauon in urban 
tranut was often determined prior to the period of analysis 

* Syitcms regulated by state commisuoni may have experienced unaller autonomous 
decreases in the demand for urban transit, experienced smaller decreases in profit 
margins, and therefore remained under private ownenhip. Evidence presented below 
reject* this hypothen*. 

* Privately oivned tystem* are in maricet* where regulation is less stringent or where 
the transition to public ownership has not as yet occumd. 
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PROBABIIJTV or PUBUC OwNHUHIP AND TVFB OF AoEMCtV ReOUIAUHO FaKIS 


Type of Aoenov Reoulatino Fasei 

Type of Ovykeeship 

Pnvate Public 

State communon or agency 

38 

4 

Local agency. 

City council or communon 

23 

29 

Transit authonty or other metropolitan authority 

3 

37 

Total 

64 

70 


Souftcft — R L. B«alu and AjBOciatc* (1972, p 68) 


B. The Declming-Industry Hypothesis 

A more popular hypothesis is that urban transit is a declming mdustry 
and, under recent cost conditions, an unprofitable one under any com¬ 
bination of fares and service levels The declining-industry hypothesis is 
an incomplete one, foe it only explains why the industry is an unprofitable 
one and not why government ownership must inevitably follow The 
demand for many products has decreased without subsequent government 
ownership of firms This hypothesis must be combined with another 
hypothesis, for example, the presence of extemahtics, if it is to explain 
why socialization occurs 

The declining-industry hypothesis could be tested by identifying the 
demand and cost functions in the respective markets and determining if 
any combination of fares and service levels would yield a normal return 
In principle, one could determine whether a normal return could be 
earned if a system was allowed to abandon less frequently used routes, 
service the major arteries and streets of a city, and charge higher fares 
Such tests are obviously difficult to conduct, so less comprehensive tests 
must be relied on to evaluate the dcclinmg-industry hypothesis A 
reduction in demand is more likely to result in losses if there arc economies 
of scale rather than constant cost in the provision of transit services. If 
there are economies of scale, public ownership should have first appeared 
in the smaller markets even before transit firms experienced the large loss 
of riders because of the growth in auto ownership m the post-World War 
11 period Table 2 shows the ownership status of transit facilities m the 
117 most populated cities m 1970 Cities are classified into six groups, and 
the proportion of cities with public ownership is higher and public 
ownership occurred earlier in the group with the 20 laigest cities How¬ 
ever, cities in this group have higher wage rates, so any cost advantage 
due to scale may be of&et by a higher factor cost. A comparison of groups 
3 through 6 shows no systematic variation of the wage rate or m the 
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proportion of cities with public ownership of transit farjiiriwi with the 
size of the city. Some further confimung evidence u the absence of any 
economies of scale in a cross-sectional analysis of the operating costs of 
58 systems.^ 

One other test clearly distinguishes between the declining-industry 
hypothesis and the r^ulation hypothesis. The declining-industry hypoth¬ 
esis predicts that a rise m auto ownership will lower the profitability 
of transit firms and increase the probability of change to pubhc ownership, 
while the regulation hypothesis makes the opposite prediction. Hence, 
the observed relation between the change in profit margm over time 
and change in automobile ownership provides evidence to distinguish 
between the competing hypotheses. 

C. The ExUmaltttes Hj/potfusu 

The trip cost of a transit passenger includes a money and tunc component. 
Even though bus services are produced under constant returns to scale, 
trip cost per ride will decrease with an increase in the number of passengers 
if the time between bus arrivals (waiting time) decreases as the number of 
passengers and buses increases (Mohnng 1972) If so, a permanent 
decrease m the number of nders imposes an external diseconomy on the 
remaining riders by increasing waiting time.* If long-run average cost 
per tnp decreases with the number of passengers (where cost mcludes 
time and money costs), marginal cost per tnp will be less than average 
cost per trip. In the absence of any subsidy, the equihbrium number of 
trips will be determined where the average cost per trip equals the 
demand price per trip if a uniform fare is charged. If the demand price 
IS to be equated to the marginal cost of a tnp, a subsidy is required and 
may take the form of reducing the fare (the money cost of a tnp) below 
the bus cost per trip. By reducing the fare below bus cost per trip, it may 
be possible to equate the demand price per tnp to the marginal cost (bus 
plus time cost) of an additional tnp. Pubhc ownership could be justified 
as a method of pracbcing margmal cost pneing. Why a pnvatc tranut 
firm could not be subsidized is unclear 

’'The OLS regreaion results for 1970 were log C «> —1.70(8.2) + 1.16(44.4) 
logVM + 12(1 8) log WAGE - 34 x 10-’(8) (VMlogVM) + >, where Ctfenotet 
opendng ncprtuwi and —.07 denotes 0000000, VM denotes miles, and WAGE dcfUNts 
houriy wage of muon bus hires with 1 year of expenence. TTie CTom^mduct term 
detertnines if the retums-to-scale parameter depends on total vehicle nulea supplied. 
Numbeis in parentheses are t-rauos The results bil to reveal any tigtuficaiit eco nian ies 
of scale. TwMtage results yielded stmilar results 

* Mohnng (1972) has presented an eateniive discussion of this aigument. He shows 
that waiting time per tnp will decreaae as the number of p a f ngers ai^ number of boaei 

increase proportiooally if the average wau for service IS proporliooal to die time between 

bus arriwds. 
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The externalities hypothesis is an incomplete explanation of socializa¬ 
tion of transit firms because it does not explain which cities will offer 
subsidies The argument is so general that all systems should be offered 
subsidies if the goal is to achieve marginal cost pricing To give content to 
the hypothesis and explain the shift to public ownership, it is necessary 
to identify systems where the discrepancy between marginal and average 
cost per trip may have increased most during the last decade or so. 
Mohnng (1972) suggests that this discrepancy increases with decreases m 
the number of passengers per mile hour (at least over some range) If the 
intensity of use of transit facilities decreases with increases m auto owner¬ 
ship or decreases in bus vehicle miles supplied, then cities with larger 
increases in auto ownership per household or with larger percentage 
decreases in bus vehicle miles may be expected to have a higher prob¬ 
ability of a change to public ownership In summary, the externalities 
hypothesis predicts that (1) the profit margin (before subsidy) should be 
lower for publicly owned than for privately owned systems,* and (2) 
increases in auto ownership should be inversely related to changes in the 
profit margin and directly related to the probability of a change to public 
ownership The predictions of the externalities hypothesis are similar to 
those of the declining-industry hypothesis and therefore differ from the 
regulation hypothesis 

II. Selection of Sample 

As a starting point, the 117 largest cities in 1970 were selected for study 
The ownership status of the transit system in each city at the end of 1971 
was determined along with the date of transition to public ownership 
when applicable The data base was augmented by including economic 
and demographic data from current and past issues of the Census of 
Population and other sources Data describing the regulatory agencies 
were obtained from the study by R L Banks and Associates (1972) The 
definition of variables and sources of data are presented in the Appendix 

Revenue and cost data of transit facilities were supplied by the 
American Transit Association (ATA). In many cases, the ATA data arc 
incomplete because not all systems provide continuous reports and some 
report unexpected and unexplained year-to-year differences These 
limitations of the ATA data reduced the sample so that 58 systems were 
used in the 1970 cross sections. Obviously, the sample was not selected 
by random sampling While this is a major limitation, the sample is the 
largest that may be studied with available information. A second sample 
included 40 of the above 58 systems that reported data in both 1960 and 
1970 so that comparisons over time could be made. Not all systems 

* The profit margin should decline after the system has become publicly owned and a 
pubhc subsidy is provided. 
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reporting to the ATA use the same accounting conventions or systems of 
accounts. One hmiution of the study is that revenue and cost measures 
may not be comparable across transit systems Some tests are formulated 
in terms of changes over time to reduce the effects of differences in 
accounting methods between transit systems ‘ ® 


m. Classification by Regulation and Ownership 

Each transit system was classihed into one of seven groups which identified 
regulatory agency and ownership form Systems arc regulated by three 
general forms (1) state commission (ST, usually a public service com¬ 
mission), (2) local government (CC, often a city council), and (3) a 
transit authority or district (AU) Pubhcly owned systems were also 
classified into two subclasses (a) pubhc ownership occurred before I960 
or (/>) after 1959 ** The notation used is summarized below 

CC = regulated by city council or other form of local government, 
PCCA = regulated by city council and pubhcly owned since 1959, 
PCCB = regulated by city council and publicly owned before 1960, 

ST = regulated by state commission, 

PSTA = regulated by state commission and pubhcly owned smee 1959, 
PAUB = regulated by transit authority or distnct and pubhcly owned 
before 1960, 

PAUA = regulated by transit authority or distnct and pubhcly owned 
since 1959 

Except for PAUA, each of these vanablcs is introduced as a dummy 
vanable The PAUA is treated as the base vanable Therefore, the 
coefficients of the other seven dummy vanablcs represent the effects of 
regulation and ownership relative to the effects of PAUA The effect 
of regulation without pubhc ownership is measured by the coefficients of 
CC or ST For example, if private regulated firms receive greater revenue 

*** Operating revenues and operaung costs measure revenues and costs from operabems 
only Nonoperaung revenues are excluded Operating costs include mauitenanoc, 
depreciabon, taxes, and other standard cost items Thu cost measure undoubtedly 
contains an arbitiary and random component since the depreciabon figures wiU depend 
on the age and method of deprecuUon of equipment However, measurement error in 
the cost figures may not be serious Further analysu showed that the change m profit 
margm from I960 to 1970 was an important determinant of the change in the pnrfulMhty 
of pubhc ownership If there were serious dulortions in the revenue and cost figures, such 
a relabonship would not have been observed 

" TTirec excepbons were made A private, transit firm was regulated by a tranfit 
authority or dutnet in Buffalo, Nashville, and Washington, D C Thu u consulefed a 
temporary sunrangement in BuHiUo and Nashville since public ownership was anticipated 
in the near future. The system in Washington, D C, appeared to have many chaiac- 
teritbes of a publicly own^ system. Consequently, these three tyttems were included in 
the PAUP dasi even though a pnvaiely owned film was ostensibly operating 
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per vehicle mile than do systenu in PAUA (publicly owned since 1959 
and regulated by a transit authority or district), the coefficients of ST 
and CC will be (wsitive. If regulation by state commission is less stringent 
than by city council, the coefficient of ST will be larger than the 
coefficient of CC. Given the form of regulation, the effect of public 
ownership is measured by the coefficients of PCCA and PCCB for systems 
regulated by a city council and by PSTA for systems regulated by state 
commissions. The variables are defined so that the combined effects of 
regulation and pubhc ownership are measured by the sum of the co¬ 
efficients of CC and PCCA (or PCCB) and by the sum of the coefficients 
of ST and PSTA ' * If the effects of public ownership are independent of 
the regulatory agency, the sum of these coefficients should not differ from 
zero The coefficient of PAUB measures the effect of pubhc ownership 
for systems under pubhc ownership before 1960 and regulated by transit 
authority or district. If the stringency of regulation has increased with 
the number of years under pubhc ownership, the coefficient of PAUB will 
be negative The different tests for measuring the effects of regulation 
and ownership are summarized m table 3. 


IV. Effect of Regulation and Ownership on Profitability 

The imual rqpession results show how the regulation and ownership 
variables affect (a) revenue per vehicle mile in 1970, RVM, given operat¬ 
ing expense per vehicle mile in 1970, CVM, and (b) the profit margin, 
PM, given vehicle rmles supplied in 1970, VM The regression equations 
are of the form 

6 

RVM = Co + 8,CVM + a,D, + u 

6 

In RVM ^ bo + bi In CVM + b,D, + v (1) 

6 

PM = Cq + c^ In VM -f CfDt + “'i 

where D, denotes the ith dummy vanable and In denotes the loganthm 
of a variable 

Under the regulation hypothesis the coefficients of ST and CC should 
be positive and significantly different from zero if regulation has been 
less stringent for privately owned firms. The coefficient of ST should 
exceed that of CC if regulation is less stringent under state commission 
The coefficients of PCCA and PTSA should be negative and significantly 
different from zero. Finally, the coefficients of PAUB and PCCB may be 


The class, PTSB, was empty. 
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Mkamu* or THE Emcn or Reouution and OwNEBSior 



Measuiuo by 

Ewect 

Coefficient of 

Sum of 
Goe6Bcients of 

Regulation by stale government (private ownership) 

Regulation by state government a^ public ownership 
after 1939 

RegulaOon by local government (pnvate oimenhip) 

Reguistion by local government and public ownership 
before 1960 

Regulation by local govenunent and public ownership 
after 1939 

Regulation by transit authority with public ownership 
before 19W 

ST 

CC 

PAUB 

ST and PSTA 

CC and PCCB 

CC and PCCA 


zero or negative depending on the effect of years of public ownership 
onRVM 

The results in colupins 1 and 2 of table 4 show that the coefificient of 
ST is positive and statistically significant at the 2 5 percent level.** The 
coefficient of CC is positive, but it is not statisucally significant at the 5 
percent level The coefficiente of PCCA, PCCB, and PSTA are all negauve 
and significant at the 5 percent level in column 2 but not m column 1 
Systems regulated by transit authorities before 1960 received significantly 
lower RVM than systems regulated by transit authonucs after 1959. 
The dejjendent variable in column 3 is the operaong profit margin, 
operating revenue less operaung cost divided by operaung revenue 
Siimlar quahtative conclusions may be drawn of the effects of the reg¬ 
ulation and ownership variables ** 

Knowing the type of regulaung agency and the form of ownership is 
valuable information in predicting the financial posiUon of a transit 
system. Privately owned systems regulated by state commissions receive 
higher RVM and cam higher operating margins than publicly ovmed 
systems regulated by state commissions Regulation by state commission 
appears less restrictive than by local government. Pnvately owned 
systems regulated by local government did not receive significantly 
higher RVM or earn higher profit margins. Systems pubhely owned 
before 1960 have lower RVM and profit margins Systems pubhely owned 
after 1959 tend to have lower RVM and profit margins than privately 

• * For a one- (two-) tailed test, a l-value of 1 67 (2 00) u mmficant at the S potent 
level with 60 observatkini _ 

‘ * The direct relatiouhip betwee n vehicle miles and profit margin is suiprising. 
Larger systems would be espected to utiliae their equipment more efficicn^ and obtam 
hig^ levenues per dollar of assets and theteibre earn a lower profit margin i f a no rmal 
rate of return is earned. The evidence suggests that laiger systems are udluing dieir 
equipment less efficiently than smaller systems 
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TABLE 4 

Rxvbnuk per Vbhiou Mils amd Opbsatino Piioprr Margin 


Variable 

RVM, 1970 
(!) 

Dependent 

Variable 

In (RVM, 1970) 
(2) 

Operating Profit 
Margm 

(3) 

Constant 

0.17 

-0 15 

-1 09 


(2 2) 

(3 0) 

(4 6) 

Operating expense per VM, 1970 
(CVM or In [CVM]) 

0.67 

1 02 

CC (AT = 21)* . ... 

(8 6) 

005 

,10.2) 

0 11 

0 11 

(0 8) 

(1.3) 

(1.2) 

ST {N = 15) 

0 11 

0 18 

0 23 

(2 0) 

(2 5) 

(2 9) 

PCCA (JV = 10) 

-0 10 

-0 18 

-0 12 

(1.4) 

(19) 

(1 1) 

PSTA {N » 3) 

-0 12 

-0 24 

-0 23 

(I 3) 

(2 0) 

(1 7) 

PAUB (N = 6) 

-0 11 

-0 18 

-0 45 

(14) 

( 19 ) 

(4 0) 

PCCB {N = 4) 

-0 13 

-0 23 

-0 31 

(14) 

(2 0) 

(2 4) 

Log of vehicle miles, 1970 

- 


0.10 
(3 9) 

461 


668 

734 

<r» 

147 

.183 

208 

N 

58 

58 

58 


Note —Figurei m pu-enthese* denote 

* For lUurtratioo, there were 21 lyitemi regulated by local goveroment of which 10 became publicly 
owned tmee 1959 and four were publicly owtied before 1960 Thus, seven tyttemt were privately ovmed 
and regulated by local govemiaent at the end of 1971 Incidentally, the dumc claw PAilA contamf 13 
obeervaCiona 


owned firms, but the precision of some of the coefficient estimates is low 
The evidence does not contradict the regulation hypothesis and m some 
ways 13 consistent with it While the declining-industry and externalities 
hypotheses are also capable of cxplaimng why the profit margins of 
pubhely owned firms are lower than privately owned firms, they do not 
explain why privately owned firms under state commission earn sig- 
nificandy higher margins 

A trend toward more stringent regulation can be detected by comparing 
the coefficients of the dummy vanables in successive cross sections If 
regulation has become more stringent over time, systems that become 
pubhely owned after 1960 (and possibly for systems which had already 
become pubhely owned) should have experienced larger decreases in 
RVM relative to CVM from 1960 to 1970. Separate cross-section results 
are reported in columns 1 and 2 of table 5 for the 40 sy|teins that reported 
operating data in both years. There is no significant difierence between 
the systems in 1960 except for those systems pubhely owned before 1960 
and regulated by a transit authority. Hence, systems that were to become 
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Revxnue per Mile and Other Operatino CHARACTERnnci over Time 


Chanoe frcw 196010 1970 m 


Variable 

1 RVM, 1960 1 RVM, 1970 
(1) (2) 

Profit 

Maryns 

Log of 
Operating 
Cost 
(4) 

Log of 
Revenue 
per 

PaaKnger 

(5) 

Constant 

001 

-0 11 

-0 20 

0 33 

048 

Log CVM 

CC (JV = 15) 

(0 2) 

(2 1) 

(3 9) 

(8B) 

(7.8) 

0 87 
(12 5) 

-0 05 

096 
(8 3) 

0 11 

0.13 

-0.12 

000 

ST (JV - 10) 

(10) 

0 1) 

(14) 

(18) 

(0.0) 

000 

0 13 

0 11 

-001 

0.07 

PCCA {N = 7) 

(0 1) 

(1 7) 

(14) 

(0 1) 

(0 8) 

-001 

-0 25 

-0.31 

0 10 

-0.24 

(0 1) 

(2 6) 

(3 2) 

(1.5) 

(2 2) 

PSTA (V=. 1) 

004 

005 

000 

-014 

-0 35 

(0 4) 

(0 3) 

(0 0) 

(10) 

(18) 

PAUB (N 1 = 5) 

-0 13 

-0 24 

-0 14 

017 

OiH 

(2 7) 

(2 4) 

(1 5) 

(2 6) 

(OJ) 

PCCB (N = 3) 

0 05 

-0 18 

-0 22 

017 

-0.17 

(0 8) 

(1 5) 

(1 9) 

(2 0) 

(1.2) 

Change in log of vehicle 
miles 

R* 

.877 

767 

-0 22 
(18) 
478 

088 

(101) 

858 

-0 09 
(0 6) 

328 

Cm 

083 

166 

162 

.117 

189 

iH 

40 

40 

40 

40 

40 


Not* — figure* lA {Mircntbeses deiiote /•ratio* 


pubbcly owned someume after 1959 received the same RVM m 1960 
(given CVM) as systems that subsequently remamed privately owned 
after 1959 Ten years later, some changes have occurred Relative to 
the base group (PAUA), pnvately owned systems under regulation by 
state commissions received significantly higher revenues per vehicle 
mile. ‘ * Pubhely owned systems (except for the one observation m PSTA) 
received a lower RVM (relative to CVM) and had suffered a relative 
deterioration m revenue received per vehicle mile While the significance 
level of the estimated coefficients of CC, PSTA, and PCCB m the 1970 
regression is below the 5 percent level, the direction of change in the 
value of the coefficient of each dummy variable from 1960 to 1970 
suggests a relative improvement in RVM for pnvately owned systems and 
a relative deterioration for pubhely owned systems. This relative deteriora¬ 
tion IS not due to, say, a larger autonomous decrease m the demand ftir 
transit services in just those cities with systems that became publicly owned 


* * The coefl&cient oTST u tignificEm at the 5 percent level given a oneaailed test. 
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after 1959 because the deterioration was also experienced by systems that 
were publicly owned before 1960. While these results are not inconsistent 
with the regulation hypothesis, they are weaker because of the reduced 
significance levels of some of the coefficients. 

In columns 3-5, changes between 1960 and 1970 in (1) the profit margin, 
(2) the log of operating cost, and (3) the log of revenue per passenger 
are related to the ownership and regulation dummies. The change in the 
profit margin shows an improvement for the pnvately owned firms 
relative to the systems that become publicly owned after 1959 and 
relative to the systems that were publicly owned before 1960. But, once 
again, the significance level of the coefficients of the ST and PAUB 
dummy variables falls below the 5 percent level. The coefficients of only 
PCCA and PCCB are negative and significant at the conventional 5 
percent level of significance The decline in the profit margin for publicly 
owned systems cannot be attributed to any one cause Operating cost 
grew most rapidly for systems in the PAUB class, while revenue per 
passenger grew less rapidly for systems in the PCCA and PSTA classes. 

If public systems raise fares and reduce service by a smaller percentage 
than private systems do, they would have experienced smaller percentage 
dechnes in the number of revenue passengers and in vehicle miles 
supphed Cities with public transit systems should experience a smaller 
percentage increase in automobiles since the money and lime price of 
local transit would have risen less rapidly over time. These hypotheses 
were tested. The results (not presented) indicated no significant differ¬ 
ence between pubbe and private systems in the percentage change from 
1960 to 1970 in revenue passengers or in vehicle miles supphed. The 
growth in autos per household was significantly higher m those cities 
where transit systems remained pnvately owned from 1960 to 1970 than in 
cities where systems became publicly owned. The percentage increase m 
auto ownership was largest, after controlling for the growth of households, 
in aties with pnvate systems regulated by state commissions. Publicly 
owned systems performed less well from 1960 to 1970, but not because 
they were in markets that cxpenenced unusually large decreases in the 
demand for urban transit. To review, pnvately owned systems appeared 
to have higher revenue per vehicle mile and profit margins m 1970 than 
publicly owned systems. While the relative profit performance of pnvately 
owned systems appears to have improved over time, the precision of these 
results is clearly lower. The larger growth rate of auto ownership in cities 
with privately owned systems is consistent with the regulation hypothesis 
The evidence also indicates the profit margins are higher when regulation 
is by state commission rather than a local regulatory agency. The absence 
of a larger percentage decrease in revenue passengers and vehicle miles 
for privatdy owned systems constitutes opposing evidence. 
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V. Comparative Performance of Public and Private Transit 
Syatems 

The comparative performance over time of pnvate and pubhc tranut 
systems will reveal whether pubhely owned systems have been more 
successful than privately owned systems in reducing the diversion of 
passengers from local transit to the pnvate auto A comparative analysis 
of this type also provides additional tests of the competing hypotheses for 
public ownership. If publicly owned systems charge tower pnees or 
provide more frequent service and rcqmre less waiting tune, the number 
of users should have dechned less under pubhc than under private 
ownership. 

The performance of a transit system cannot be easily summarized by 
any one output measure Nevertheless, pohey discussions are often 
directed at the quesuon of the relaave use of local transit The performance 
measure chosen for study in this section is the census estimate of the 
percentage of city workers using pubhc transit to work. While this 
measure is not without its defects, it is central to current policy issues in 
urban transit ‘ ® 

Let be the percentage of city workers who use pubhc transit to go to 
work. This percentage is detenmned by a vector of mdependent variables 
X, through 

100 

Pt “ j » (2) 

where u, denotes a disturbance term The exponent of e may extend from 
minus infinity to plus infimty, so that p, is bounded by zero and 100. 
A transformation of (2) gives 

The form of/ u given by 

/(*) — tto + a,L, + BjM, + BjH, + « 4 AH, + BjWH, + aelHO, + • •, 

(3a) 

where Cj < 0, ^ «3 > 0, *4 > 0, and < 0, L, denotes the 

percentage of famiHf in the city vnth low family mcomes (defined m 
Appendix); M, denotes the percentage cd* frunihes with middle incomes; 

'•a public tranat system may increaK ndenhip by providiiig frequent and mbndiaed 
bus service, while a private firm suiien a reducooo m ndership because its servioe a not 
subsidiaed. Tbe improved periwmance of the pubhc system would then be due 10 the 
subsi dy and not necessarily to p^itAr owoenbtp. Other l im i iatwa is of this measure are 
(1) die esKhsdon of oaets other than workeis, and (2) ddferences between cities in the 
thstribudon of jobs in and outside of the ceon^ busmen dnnict. 
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H, denotes the percentage with high incomes; AH, denotes autos per 
household; WH, denotes workers per household; and IHO, denotes the 
log ofthe number ofhouseholds.*’Since L, + M, + H, = JOO,equation 
(2) may be rewritten as 

f{x) = ao + aj • 100 + (a, - (X 2 )L, + (aj - a 2 )H, + a 4 AH, + • • • 

(4) 

The coefficient of L, or H, measures the net effect of a 1 percent change 
in the percentage of low- or high-income famihes on y,. The regulation 
and ownership variables are abo included in (3a) to test for the effects 
of ownership and regulation on the percentage using public transit 
Reg^ression results for equation (3) are presented in table 6 ** The 
percentage of workers using local transit decreases as the number of 
autos per household rises and increases tis the number of households in 
the urbanized area rises The number of workers per household increases 
transit usage in both regpressions, as expected, although the estimated 
coefficient in the 1970 regression is only statistically significant at the 
10 percent level A 1 percent point increase in L, (percent of families with 
low income), holding the percentage with high income constant, increases 
the percentage of workers using public transit in the 1970 cross section 
but has no significant effect m 1960 
The regulation and ownership vanables are not sigmficant determi¬ 
nants of the percentage of workers usmg local transit The market share 
of local transit in cities with systems becoming publicly owned after 1959 
and regulated by CC is significantly lower in 1970 The results for both 
cross sections do not show a larger percentage of worken using local 
transit under public ownership. A comparison of the estimated coefficients 
for 1960 and 1970 for each dummy variable leaves the impression that 
privately owned systems outperformed the publicly owned systems from 
1960 to 1970 (the exception IS the PSTA class), even though the coefficients 
of the individual dummy variables are not significant The data do 
reject the hypothesis that publicly owned systems improved their per¬ 
formance from 1960 to 1970 relative to privately owned systems 


AH,, WH„ and IHO, are measured over the urbanized area since city data were 
not readily available 

‘ * Because transit firm operating data were not used in this analysis, a larger sample 
size was selected and used 

* • The absence of an effect in the 1960 cross secUon may be due to the use of the 
poverty measure as low income in 1970 while $3,000 is the upper bound for the low- 
income class in 1960. . 

The coefficient of PAUB and PCCB decreased from 1^ to 1970, which indicates 
a detenoration in the performance of systems under public ownership before 1960. The 
deterioration in performance is not hmited to systems that only recently came under 
public ownership. Further tests rgected the hypothesis that the performance of pubhely 
owned systems increases with the number of years under public ownership. 
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DrnwMiHAim of the PUCENTAaE or Woucebs Ubmo Pubuc Teahstt— Loorr Model 



1960 


1970 


Variable 

Coefficient 

i 

Coc6Bcient 

t 

Constant 

-254 

26 

-0 71 

06 

Percent mth low income 

0001 

0 1 

004 

20 

Percent with high income 

Autos per housdiold 

-002 

I 0 

0.02 

1 2 

-2 88 

76 

-4 63 

10.9 

Workers per household 

1.67 

32 

099 

1.4 

Log of number of households 

CC (N = 24) 

0 39 

74 

0 42 

6.0 

0 18 

1 4 

022 

IJ 

ST {N » 19) 

-002 

02 

0.09 

0.6 

PCCA (AT = 12) 

-005 

03 

-036 

20 

PSTA (V = 3) 

004 

02 

0 13 

05 

PAUB (if » 7) 

015 

08 

-0 12 

06 

PCCB (AT » 3) 

-006 

03 

-0 13 

0.5 

R} 

822 


845 


Om 

328 


396 


N 

70 


70 

■ 


If the goal of public ownership is to increase ndership by improving 
service frequency and, indirectly, reducing trip cost by reducing waiting 
time, the goal was not realized from 1960 to 1970. If public ownership did 
not involve significant public subsidies, the apparent failure of publicly 
owned transit systems to improve relative performance may not be 
surprising. Subsidization of capital purchases and of operating cost 
appears to have become more popular in the second half of the decade. 
Perhaps the full effects of public subsidies have yet to be experienced, and 
future results may yet reveal an improvement m performance under 
public ownership The results of the comparative-pierfonnancc analysis 
are also inconsistent with the regulation hypothesis The n^ulation 
hypothesis predicts a larger percentage dcchne in transit users under 
private rather than public ownership These and the earher tests fail to 
reveal such an effect ** 

VI. Determiiuints of the Probability of a Ch a n ge to 

Public Ownerahip 

As reported above, the operating profit margin of many, but not all, 
systems declined from 1960 to 1970 If the decline in margin was ultimately 
caused by the increased pohtical strength of groups favonng public 
ownership, it should be possible to show a relationship between the 
change in margin and the change m the size of each special mterest group 

If public ownenhip occurred becauM tbe pcHarmance of the traioit firm had 
deteiiocmted, die coefBcieiiti of POCA and PSTA would have dethixd idalive to OC 
and ST frem 1960 to 1970 and the of GC and ST ibould have mcrcaaed 

relative to the base gitnqi. 
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Several special interest groups will exert political support for, or 
opposition to, more stringent regulation, public ownership, and public 
subsidies to mass traiuportation. Increases in the number of autos per 
household will increase the number of nonusers, a majority of which favor 
profitable operations and oppose subsidies and public ownership. 
Increases in the number of workers per household increase the number 
of users, a majority of which will favor lower fares and subsidized service 
The effect of increases in the percent of upper-income families in a city 
is ambiguous. If upper-income families are nonusers, they will favor 
profitable operations and oppose higher taxes and subsidies to mass 
transit. If upper-income families are heavy users, they may favor more 
frequent and subsidized service since the higher the opportunity cost, 
the higher the family income. Firms located in the central business 
district would favor low fares and frequent service to the CBD. Given 
the size of the city, cities with lower growth rates are typically older and 
have larger well-defined CBDs Systems in cities with lower growth rates 
are expected to have larger declines in profit margins Finally, the size of 
city IS introduced to determine if the cost of organizing political activities 
is higher in larger cities because of the free rider problem. 

The change in the profit margin from 1960 to 1970 for the systems in 
the 40-city sample was rt^essed on the change in the size of the special 
mterest groups described above. The results are shown in table 7. After 
controlling for changes in vehicle miles, smaller decreases in profit margin 
were experienced by transit systems located in urban areas with (a) larger 
increases m autos per household, {b) larger increases in the percent of 
upper-income families, (r) smaller increases in workers per household, 
and (<f) smaller household growth rates. The long-term population 
growth rate from 1950 to 1970 and the size of urban area have no sig¬ 
nificant effect on the change in margm 

These results are not easily reconciled with the declining-market or 
externalities hypothesis If the fail in profit margin is caused by the 
decrease in the demand schedule for transit services, an increase m autos 
per household, a decrease in workers per household, or a decrease in the 
number of households should have been associated with a decrease in 
the margin. In this sample of 40 cities, increases in autos per household, 
decreases in workers per household, and decreases in the number of 
households are associated with increases in the profit margm These 
results are consistent with the hypothesis that nonusers support profitable 

** Addiuonal regrewon results showed chat the change in autos per household was 
inversely related to the change in the probabthty of public ownefship. Hence, cities with 
larger increases in autos per househtdd had a lower probability of changing from private 
to public ownetahip of transit facilities between 19% and 1970. For furtho' results, see 
Pashigian (1975). 
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Chamob m Pionr Maboim, 1960-70 


Variable 

Est. 

t 

Est 

1 

Est. 

t 

Comtant 

-0 64 

32 

-0 33 

38 

-0.63 

2^ 

A in autos per household 

1.37 

3J 

0 67 

2J 

1.47 

3.7 

A in workers per household 

A in percent with upper 

-0.43 

1 7 

-0 61 

24 



income 

0.014 

25 

0 013 

2.2 

0.016 

2.6 

A in log of vehicle miles 

A m log of households. 

-0.28 

2.6 

-0.32 

30 

-0.23 

2.1 

1960-70 . 

-0.24 

17 



-0.28 

1.9 

Ratio of aty populatum, 
1950-70 

A in percent of populstton 



-0 039 

0.9 



betwm 18-64 yean 





-0.026 

12 

Log of households, 1960 

0031 

1 1 



0.016 

03 

R*. 

.535 


.471 


.517 


Jf 

150 


158 


153 


40 


40 


40 



Notb^A " difference. 


transit operations and oppose policies which will result in higher 
and public subsidies The evidence suggests that automobde owners 
and high-income groups oppose socialization of transit facilities. The 
increase in automobile ownership has been the major reason for the 
decline of urban transit but, at least m recent tunes, has also been an 
important factor in maintainu^ profit margins of transit firms and 
limiung government ownership of transit facihnes 

Summary 

The results of this paper suggest that the transition fixim a private 
regulated transit firm to a government-owned firm is not a mere cosmetic 
change as far as the financial posiuon of the transit system is involved. 
In general, government ownership is associated with lower profit margins 
and lovrer revenue per vehicle mile. Government ownership of transit 
facilities yields results which were unattainable under government 
rq^ulation and explsons why there is a demand for government ownership. 
Ihe deterioration of profit margins and the mcrease in the number of 
government-owned systems strongly suggest that private transit firms did 

** It u poaibte that a decline ui ndetihip reduces capacity u til i s a tin o (by kmenqi 
revenue per dollar of capital invested) and causes the p^t maiRin to rise so that the 
rate of return on capital does not EsH. An increaK in autos per household may be duvUty 
related to the change in profit margin because of lower uulixatioo of eq uip men t when 
ndership decUncs. If the change m margin solely refle c ted the change m i m'limtinn , the 
change in margin would not be an important detenamant of the change in the prob¬ 
ability of public own er s h ip (see n. 10 above). 
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not benefit from government regulation during the last 15 to 20 years. 
With some exceptions, the regulatory agencies have been captured not 
by the transit firms of the industry but by the riders 

While a final judgment may be premature, the experience of the 1960s 
should dampen hopes that public ownership of transit facilities will 
moderate the diversion of transit users to the automobile Follow-up 
study IS needed, but, for the moment, the results indicate that government- 
owned facilities have not outperformed privately owned facilities in 
maintaining ridership 

While the decline in the profit margin of transit systems from 1960 to 
1970 was pervasive, it was smaller or negligible m urban areas where the 
political strength of nonusers increased most Transit systems with 
smaller declines in profit margins were located in urban areas with larger 
increases in autos per household and in the percent of families with upper 
incomes and smaller increases m workers per household The evidence 
appears to contradict the common view that increases in automobile 
ownership are responsible for unprofitable transit operations The rise 
of the automobile is the major cause of the decline of the urban transit 
industry, but the results of this paper suggest that it is not responsible 
for unprofitable transit operations and appears to be an important factor 
inhibiting the expansion of government ownersh.p of transit facilities 


Appendix 


Definitions of Variables and Sources of Data 


Variable 

A Ownership and regulatory variables 

1. CC = regelated by city council or other 
form of local government, 

2 PCCA = regulated by city council and 
publicly owned since 1959, 

3 PCCB = regulated by city council and 
publicly owned before I960, 

4 ST = regulated by state commission, 

5 STA s regulated by state commission and 
publicly owned since 1959, 

6. PAUA = regulated by transit authority or 
district and publicly owned since 1939, 

7 PAUB =>: regulated by transit authority or 
district and publicly owned before 1960 

B. Transit system vanables 

1. RVM « operating revenue per vehicle mile, 

2. CVM « operating cost per vehicle mile, 

3. PM operating profit margin, 

4. VM = vehicle miles. 


Source 


American Transit 
Association and R L. 
Banks and Assoaates 
(1972) 


American Transit 
Association (computer 
printouts) 
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C. Economic and demographic variables 

1. Percentage of families with low income 
a) Income leu than $3,000 in 1960, 

t) Income leu than poverty income in 1970 

2. Population of city, 1950, 1960, and 1970 

3 Percentage of families with high income 
a) Income greater than $10,000 in 1960 
i) Income greater than $15,000 in 1970 

4 Autos per household 

5 Workers per household. 

6 Number of households 

7 Percent of workers using public transit 
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U S Bureau of the 
Census (various) 


Department of Transpor¬ 
tation (1971, 1973) 


Referencea 

Banks, R. L , and Associates Studji and Evaluation of Urban Mass Transporlatwn 
Regulation and Regulatory Bodus Spnngheld, Va Nat Tech Information 
Service, 1972 

Mohnng, Herbert “Optimization and Scale Economies in Urban Bus Transpor¬ 
tation ” A E R 62 (September 1972) 591-604 

Pashigian, B Peter “Consequences and Causes of Public Ownership of Urban 
Transit Facilities ” Report no 7536, Center Math Studies Bus and Econ 
Univ. Chicago, 1975 

Peltzman, Sam. “Pricing in Public and Pnvatc Enterprises Electric Uuhties m 
the Umted States ” J Law and Econ. 14 (April 1971) 109-65 

Stigler, George “Theory of Regulation ” Bell J Econ and Management Sa 2 
(Spruig 1971) 3-21 

U S. Bureau of the Census U S Census of Population Washington Government 
Printing Office, various 

U S. De{Mutment of Transportation Transportation Planning Data for Urban Areas. 
Washington Government Printing Office, 1971, 1973 
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The Incidence and Efficiency Effects of 
Taxes on Income from Capital 


John B. Shoven 

Stanford Unuarst^ 


Tills article reexamines the incidence and efficiency cost of the dis¬ 
criminatory taxation of capital income in the United States It is argufed 
that Harberger’s 1966 estimates of the static welfare loss were subject to 
two important mistakes Their correction lowers the efficiency cost 
estimates approximately 38 percent The paper also compares the 
corrected results of the Harberger model with those achieved with an 
algorithmic solution procedure for a general equihbnum model When 
the latter approach is used with the same two-sector divisicm of pro¬ 
duction, the results are very similar to those of Harberger’s model. With 
disaggregation to 12 production sectors, however, the loss estimates 
increase by an average of 40 percent 


1. Introduction 

There has developed over the past 15 years or so a very extensive literature 
regarding the taxation of income from capital, parucularly the corporation 
income tax On issues regarding the distributional incidence and in- 
cffiaency of these capital income levies, the works of Arnold Harbeigcr 
(1959, 1962, 1966) have been parucularly influcnual and important. 
His models and results often serve as a reference with which other ap¬ 
proaches to these questions are compared The 1959 and 1966 articles by 
Harberger deal with estimaung the efficiency cost or dead-wei^t loss of 
these taxes resulting from the misallocauon of resources The latter of these 
pieces is somewhat more complete, in that it attempts to include all taxes 
on capital income rather thanjust the corporation income tax. Harbeiger’s 
1962 article describes his theoreucal framework and addresses the quesutm 

Thu work wm supported by NaUooat Science Foundauon grant GI-39319 at the 
Insutute for Mathematical Studies in the Socul Soences, Stanford Univemty The author 
wishes to thankj. G Bsdlentine, John WhaUcy, and Mark Gerder for beiplul comments. 
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of the incidence of the corporation income tax on the functional distribu¬ 
tion of income. On this issue, Harberger concludes that capital bears 
close to the full burden of the tax for realistic estimates of the elasticity 
parameters of his model. 

Despite the attention economists have given the corporation income 
tax and other capital income taxes, nothing near a consensus has emerged 
regarding their economic impact The importance of the subject is often 
rejuvenated by suggestions that the corporation income tax be integrated 
into the personal income tax structure 

This article has two primary purposes with respect to capital income 
taxation The first of these is to correct two serious flaws in Harberger’s 
1966 article One error is purely arithmetic, while the other is conceptual, 
but they both significantly affect his widely referred to inefficiency 
estimates In the second section of this paper, I briefly describe the 
Harberger model,’ comment on its shortcomings, illustrate the sources of 
the two mistakes, and present the corrected results for the Harberger 
approach The importance of this section derives from the fact that the 
corrected inefficiency estimates of Harberger’s model amount to only 
32-63 percent of the published figures for the same elasticity para- 
meterizations On the other hand, it will be argued that the usual re¬ 
porting of these dead-weight loss results as a trivial fraction of GNP is 
misleading The section is also of value in displaying how important 
consistent units definitions arc in applying data to the Harberger model 

The second purpose of this paper is to compare the corrected results of 
the Harberger model with those derived from an algorithmic solution of 
a general equilibrium model One advantage of such an approach is that, 
in not using calculus, the changes which one is trying to gauge need not 
be assumed small in the model itself The task of comparing the results of 
such a procedure with those of the Harberger model was undertaken in 
an earlier work (Shoven and Whalley 1972), but a recalculation is now 
in order, for several reasons First, the earlier article used the data and 
the results of the Harberger 1966 article in evaluating the two techniques 
However, the data and therefore the results were incorrect (as shown here 
in Sec II) Second, the algorithmic approach has been greatly improved 
in the interim, as is detailed in Shoven and Whalley (1973) and Shoven 
(1976) And finally, third, another advantage of the algonthmic approach 
is that It IS capable of evaluating an n sector rather than a two-sector 
model. Therefore, in order to provide a feel for the effects of aggregated 
analysis, the impact of the uneven capital income tax levies is esumated 
for a 12- as well as a two-sector breakdown of the production side of the 
U.S. economy. With the algorithmic approach, the flat tax rate necessaiy 
to generate the same real yield as the current system u calculated. 

* The model has been elaborately ipeafted leveral umei in the hterature See, e g , 
Harberger (1962); appendix B of Shoven and Whalley (1972); McLure (1974), or 
McLure (1975). 
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n. Harberger Model, Data, and Reaults 

The Harberger model, as detailed m his 1962 arucle and in several sub¬ 
sequent studies, IS sufficiently well known and documented that it need 
not be completely specified here However, since a primary purpose of 
this section is to correct the results of his 1%6 paper concemmg the 
efficiency losses of the taxes, it is appropriate that we review the approach 
of that study. 

In his model, Harberger makes an empirical distincuon between a 
heavily and lightly taxed sector These sectors are sometunes referred to 
as the “corporate” and “non-corporate” sectors, due to the major role 
played by the corporation income tax in causing the differential rates, 
although the sectoral division does not exactly correspiond to the l^al 
distinction between incorporated and unincorporated enterprises. 
Harberger assumes that each sector employs two factors, capital services 
and labor, in the production of homogeneous outputs 

In order to estimate the efficiency loss due to the differential taxation 
of the return to capital, Harberger applies a form of welfare analysis in 
the tradition of Marshallian producer surplus It is assumed that the 
marginal product of capital schedules for each sector are hnear, as drawn 
in figure 1. Output umts arc chosen so that both commodity prices are 
unity, and therefore the schedules in figure 1 can be thought of as marginal 
revenue product schedules The total quantity of both capiul and labor 
in the economy is assumed fixed and always fully employed. With these 
assumptions, the changes in the capital allocation can be used to generate 
a measure of the social waste imposed by the distortion. In the absence of 
any taxes, capital will allocate itself in a market economy such that the 
rate of return f is equal for the two sectors and the capital endowment is 
fully employed Upon the imposiuon of a tax on capital income in sector 
X, the gross rate of return in that sector must be such that the net rate 
of return r, is equalized across the sectors and capital is agam fully 
employed. The difference between and r, is by defimuon the tax T per 
unit of capital uulized in sector X. 

Refemng to figure I, the area ABEF can be interpreted as the value of 
the lost output m sector X when Kg decreases from Kg^y to Kgy upon the 
imposition of the tax Analogously, GHJ / is the value of increase m 
output m sector F. Since we know that capital is fully employed both in 
the presence and absence of the tax, it must be true that Kg^y — Kgy = 
Xyi — Kj 0 . The area FECD represents the social loss of the tax m the 
producer surplus sense (it is simply ABEF — GHIJ) and is given by 

~ f)(^xo “ ^zi) + ~ 0(^ri “ ^ro) ~ —i'F&Kg, (1) 

where EKg - /T,, - « K,o - and T = r, - r.. 

Now, in order to estimate the magnitude of the social efficiency last, 
an exprenion for AKg is requued In order to obtain such a solution, 
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Harberger calls upon the stauc two-sector, two-factor, general equilibrium 
model of his 1962 paper. The use of this model in conjunction with the 
Marshalhan approach above has several shortcomings, particularly if the 
purpose mvolves measurement of economic changes. The primary 
problem is that local or “small change” assumpuons are made repeatedly 
in the analysu! For example, in solving for the efficiency loss formula 
(eq [1]), it has been assumed that the marginal product of capital varies 
linearly with the amount of capital for each of the sectors. In addiuon, 
either the labor allocation must be assumed to be unaltered, or the 
marginal product of capital must be taken as independent of the amount 
of labor employed in each sector. Without cither of these conditions, the 
marg^al product curves themselves will not be stationary. At the same 
time, in the model used to solve for the capital shift, AXx, constant 
returns to scale in production is assumed. The joint assumptions of hnear 
marginal product schedules, constant returns to scale, and separable 
marginal products (or an unchanged labor allocation) are inconsistent 
for large changes. Given that the purpose of the analysis is to determine 
the magnitude of the effects of distortionary taxation, assumptions such 
as these which are consistent only locally are undesirable. 

Solving through the equations of the Harberger (1962) model, the 
following solution for is obtained: 


_ {—ElgxSxiLxILr) +/r^r3 ~ _ 

( 2 ) 


where E » compensated price elasticity of demand for X; SxiSy) 
elasticity td*factor substitution in sector X{Y)ifx{ix) ** idiare capital 
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in sector A'(F); wxAftig,) » share of labor in sector X{Y) So, as one 
would expect, the capital shift depends on the various clasUciUes and 
factor intensities and is also proportional to T. Thu last point u emphasized, 
as it later becomes imporUnt in that it, along with equauon (1), implies 
that the social cost vanes with the square of the tax rate 

Harberger similarly solves thu system of equations for the change m 
the net price of capital (i.e , A/** = r, — f) and obtains 

~/ k ) [i^xl^r) ~ i^xl^r)] ~~ xl^r) +/*(^x/'^r)] 

(3) 

He uses this figure to evaluate the incidence of the burden, reasoning that, 
if APjf = ~(^^x)/('^x + ^r)> capital could be said to bear the full 
burden of the tax in that its gross return would be unchanged, while 
if A/’jc «■ 0 both net input pnees would be unaffected, and thus the share 
of national mcome going to capital and labor would remam constant. 

In order to evaluate expressions (2) and (3) for the 1953-59 U.S 
economy, Harberger uses and supplements the data of Rosenberg (1%9) 
However, in carrying thu out, two mutakes arc made. Estimates of 
^x. and T are drawn from tabic 1, reproduced from Harberger 
(1966) Columns 1 and 2 are denved from Rosenberg’s duaggn^ted 
study, while column 3 u meant to reflect the personal income taxes on 
capital income. Appealing to columns 4 and 5, Harberger notes that total 
taxes on net income in the “non-corporate” and “corporate” scctois 
average, respectively, 45 percent and 168 percent ^ Thus be asserts that 
the taxation of income from capital in the United States during thu 
period may be approximated by a general tax of 45 percent on all net 
income fiom capital and an 85 percent surtax on the net income from 
capital originating m the heavily taxed sector (1 45 x 1.85 = 2 68). 

The first flaw in Harberger’s 1966 apphcation of thu data to his modd 
is an inconsistency between the calculauon of tax rates above and the 
umts of meuurement of capital chosen in the study Harberger takes as 
one unit of capital that amount which earned an average annual flow 
of $1.00 net of all taxes. Thus, appealing to column 5 of table 1, he sets 
Kf as 18,510 million and JC, as 19,547 million In models such as this, 
with a fixed qusintity of aggregate capital, a general tax on all capital 
income is nondistortionary Therefore Harberger proceeds to evaluate 
only the 85 percent surtax applying to the capital mcome of the “cor- 

* The UK of average data to evaluate dutortiooi hai beeo tjueUKned by Sughla 

(1975). The ImplM «—■ that the marguial groK coat oTcaiiical equab die average 

SroK cost eaa be deftnded on the groundi that invotment decitiaiu are often made lauig 

average capital ctuti (see, eg , Van Horne 1971) 
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Taxes on Incoue noM CAEnvo, bv Mjuoe Sector* 
(Annual Average*, 1953-59, in $ Vlilhoni) 
(Reproduced from Harberger 1966, p I id) 



Total 

Income* 

from 

Capital 

(1) 

Property 
& Corp. 
Income 
Taxes 
(2) 

Other 

Tax 

Adjustments 

(3) 

Total 
Tax on 
Income 
from 
Capital 
(4) 

Net 

Income 

from 

Capital 

(5) 

"Non-corporate” sector 

26,873 

6,639 

1,724 

8,363 

18,510 

Agriculture 

7,481 

1,302 

927. 

2,229 

5,252 

Housing 

18,429 

5,140 

797* 

5,937 

12,492 

Crude Oil and Gas 

963 

197 

e 

197 

766 

"Corporate” sector 

52,399 

22,907 

9,945* 

32,852 

19,547 

Total 

79,272 

29,546 

11,669 

41,215 

38,057 


* “Income" (Roceoberc 1969, p 125) n defined as income frt^ capiU) for nonfinanciAl industry end 
includes 

(1) CorpofAte sector net income before corporate profits tAx liability and property tax payments 

(2) I'or the unincorporated sector, the portion of the total income of the unincorporated enterprise that 
IS a return on equity capital, plus property tax payments 

<3) Net monetary interest paid 1^ businesses on borrowed capital in the form of debt obligations 

(4) Net rent paid by an industry to persons for the use of physics! capital 

(5) Net reatixed capital gams by the corporate sector that are considered as income to an industry 

* Assumoi a 15% effective tax on income from capital m agriculture after payment of property and cor> 
porate income taxes (i e f3)* * 15% of jl J — (2)) 

^ Assumes that 70% of income from capital in the housing sector it generated by owner*occupicd housing, 
on which no personal income tax liability is incurred It is sMumed that the remaining 30% of capital income 
from housing is tubiected to a 20% income tax rate after the deduction of property and corporate income 
taxes incurred <i e , (33* « 6% of {!] - (2)) 

« Aisumn personal tax offsets on account of oil depletion allowances and similar privileges offset any taxes 
on dividends and capital gains in this stator 

^ Assumes a 50% divided distribution rate and a "typical" effective tax rale of 40% on dividend income 
(re. (334 . 20%of(l) - I2j) 


porate*’ sector (i c , he set T = 0 85 m equations (1), (2), and (3)) 
The problem is that the surtax is in fact applied not to the net capital 
income of the heavily taxed sector (indicated in table 1 to be 19,547 
million) but to the capital income in that sector gross of the neutral 
45 percent tax ($28,379 million) Harberger is thus evaluating a smaller 
tax than his data reveals' The social marginal product of each of 
Harberger’* units of capital is $1 45, not the $1 00 he recognizes In 
order to rectify this problem, one either has to evaluate both the 45 percent 
and 168 percent taxes simultaneously or to evaluate only the surtax and 
take as a umt of capital that amount which cams $1 00 net of the surtax 
but gross of the neutral tax The dead-weight loss esumates are identical 
with either convention, and I have chosen the latter simply because the 
previous figure and equations have been for the surtax case Under ihr 
approach, table 1 shows Kf = 26,873 million and Kj[ ■= 28,379 million 
As the estimate of the capital shift and the dcad-wcight loss are pro 
portional to fix. this correction alone would increase Harberger’s ir 
efficiency results 45 percent. 

Unfortunately, the problem with units above is not the most scnoi 
error related to the data of Harberger (1966). They contain a simp 
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anthmetic mistake, which also greatly affects his results. The entry super¬ 
scripted d in column 3 should be 5,898 rather than 9,945, and, with this 
correction, the net income from capital in the “corporate” sector 
becomes $23,589 rather than $19,547 million The total tax on capital 
income in the "corporate” sector should be $28,805 million The source 
of the error is obvious In determining the column 3 entry for the “cor¬ 
porate” sector, the anthmetic was mistakenly done on the first two entnes 
in the total row. Note that 9,945 is 20 percent of 79,272 less 29,546.^ 
Table 2 contains the corrected factor input and capital tax data for 
both a two- and a 12-sector level of aggregation for averaged data for 
the same 1953-59 penod The capital income and tax data are again 
drawn from Rosenberg (1%9), and the “Other Capital Tax Adjustments" 
column was constructed upon the assumptions listed in the footnotes to 
table 1 The labor data arc denved from National Income and Product 
Accounts At the two-sector level of aggregauon, the mam difference 
between the two tables is caused, of course, by the arithmetic mistake 
just noted The surtax rate, which Harberger figures as 85 piercent, is, 
according to table 2, only 53 percent (1 45 x 1 53 = 2 22). The effect 
of this error is magnified, smee, as was pointed out carher, the loss 
estimate vanes as the square of the rate of distortionary taxation. The 
capital dau, using the consistent defimtion of umts mentioned above, 
now indicates that Kj = 26,878 milhon and *= 34,244 milhon. 

Subject to these two mistakes, Harberger uses the data of table 1 
augmented with labor data'* to estimate AX’, and — (l/2)TA/rx for 
several different elasticiUes of factor substitution (S^ and Sj) and for 
two different compensated elasticities of demand for the “corporate” 
product X. The two demand elasticities E arc based on the elasucity of 
substitution between X and Y, which is labeled F, bemg assigned values 
of 1 and -J- The relationship between V and the compensated demand 
for X is 

E = Vt„ (4) 

where Tj is the share of national income spent on P. Thus the V — I 
case IS consistent with demamds derived from a Cobb-Douglas-type 
utihty function. Harberger takes Tf as 0 17, although my revised data 
(col. 3, table 2) suggests that is just shghtly under 0.15 
Many diffPerent estimates have been made of the elasucities of substitu¬ 
tion between labor and capital for various sectors, often concludmg with 
contradictory results. Most of the work based on cross-section data 


* There are two other errors in uWe I The total income 6*ure from capital m the 

noncorporate tector be 26,878 rather than 26,873, and in the corporate sector the 

figure should be 52,394 rather than 52,399 The total of the two is correct in Uble 1, 

* Harberger takes Lg to be $200 biUioo and to be $20 biUion Col 1 of »ble 2 
•grees very cloody with his Lj figure but shows tr «> be only $17,471 bdBon (or umti). 
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suggests that, for most two-digit manufacturing industries, S is not sig¬ 
nificantly different from 1 (sec, eg, Solow 1964 and Minasian 1961) 
On the other hand, time-sencs studies yield estimates significantly less 
than 1 (sec Lucas 1969) Given this situation, Harbcrger looks at several 
combinations of and Sy 

Table 3 contains Harbcrger’s published results, appropnately qualified 
as only rough estimates, and the impact on them of the two errors just 
discussed Their impiortance is readily apparent, although the net effect 
IS somewhat reduced, as they cut in opposing directions The 45 percent 
increase in the inefficiency estimates due to the uniis-definition problem 
IS apparent in comparing column 7 with column 5 The independent 
effect of the arithmetic mistake and Harberger’s use of other data which 
arc only roughly correct is seen by contrasting columns 9 and 7 The range 
of the estimates is lowered from the published $1 0 billion-S2 9 billion to 
the $0,625 bilIion-$l 79 billion shown in column 9 of table 3 and based on 
the data of table 2 Surprisingly, Harberger’s numcncal estimates of the 
outflow of capital from the “corporate” sector due to the discriminatorv 
taxation shown in column 4 arc almost identical with the corrected figures 
given in column 8 except in case 11, where he has made a serious computa¬ 
tional error. The equivalency is less comforting and more coincidental, 
however, when it is recalled that each of Harberger’s umts of capital is 
equivalent to 1 43 units under the revised system of accounts 

It may be claimed that all that has been done is to lower further 
Harberger’s already small loss estimates, widely reported as between 
0 5 and 1 percent of GNP (or NNP) This presentation of the results as a 
percentage of national product seems misleading, however Perhaps a 
more natural benchmark is the net revenue yield of the surtax This 
alternative, also not without some intcrpreiational difficulties, suggests a 
“coefficient of inefficiency” which can be defined as the ratio of the dead¬ 
weight loss of the surtax (in this case the 53% additional tax paid b\ sector 
X) to the net surtax revenue. This additional revenue due to the presence 
of the surtax amounts to between $9 3 billion and SI 3 9 billion, dc- 
piending on the factor-elasucity assumpUons. The v icld of a flat 45 percent 
tax on net income depends upion the net price of capital in the non- 
distortionary situation For the revised results of column 9 table 3 the 
coefficient of inefficiency ranges from 0 06 to 0 13 (oliimn 10 of table 3 
records the values for AP*, the change in the price ol capital in moving 
from the nondistortionary to the distortionan situation I his variable 
sheds some light on the functional incnl(iKc of the taxation, particularly 
when It is noted that + A,, = -0297 This is the value 

of at which capital can be said to t>car the entire tax, as its net 
return is reduced by the amount of ilic tax prtKccds For those cases in 
which the price falls by more than tho figure, capital can be said to be 
bearing more thsui 100 percent of the i.iv burden 
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suggests that, for most two-digit manufacturing industries, 5 is not sig¬ 
nificantly different from 1 (sec, eg, Solow 1964 and Minasian 1%1) 
On the other hand, time-senes studies yield estimates significantly less 
than 1 (see Lucas 1969) Given this situation, Harberger looks at several 
combinations of^j^ and Sy 

Table 3 contains Harberger’s published results, appropriately qualified 
as only rough estimates, and the impact on them of the two errors just 
ducussed Their importance is readily apparent, although the net effect 
IS somewhat reduced, as they cut in opposing directions The 45 percent 
increase in the inefficiency estimates due to the units-dehnition problem 
IS apparent in comparing column 7 with column 5 The independent 
effect of the arithmetic mistake and Harberger’s use of other data which 
are only roughly correct is seen by contrasting columns 9 and 7 The range 
of the estimates is lowered from the published $1 0 billion-$2 9 billion to 
the $0 625 billion-$l 79 billion shown in column 9 of table 3 and based on 
the data of table 2 Surprisingly, Harberger’s numerical esUmates of the 
outflow of capital from the “corporate” sector due to the discriminatory 
taxation shown in column 4 are almost identical with the corrected figures 
given in column 8 except in case 11, where he has made a senous computa- 
Uonal error The equivalency is less comforting and more coincidental, 
however, when it is recalled that each of Harberger’s units of capital is 
equivalent to 1 45 units under the revised system of accounts. 

It may be claimed that all that has been done is to lower further 
Harberger’s already small loss estimates, widely repiorted as between 
0 5 and 1 percent of GNP (or NNP) This presentation of the results as a 
percentage of national product seems misleading, however Perhaps a 
more natural benchmark is the net revenue yield of the surtax 'ITus 
alternative, also not without some interprctational difficulucs, suggests a 
“coefficient of inefficiency” which can be defined as the ratio of the dead¬ 
weight loss of the surtax (in this case the 53% addiuonal tax paid bv sector 
X) to the net surtax revenue. This additional revenue due to the presence 
of the surtax amounts to between $9 3 billion and $13 9 billion, de¬ 
pending on the factor-elasticity assumptions The yield of a flat 45 percent 
tax on net income depends upon the net price of capital in the non- 
distortionary situation For the revised results of column 9, table 3, the 
coefficient of inefficiency ranges from 0 06 to 0 15 Column 10 of table 3 
records the values for AP*, the change in the price of capital in moving 
from the nondistorlionary to the distortionary situation This variable 
sheds some fight on the functional incidence of the taxation, particulailv 
when It IS noted that - 7'A",/(A', + A',) = -0 297. This u the value 
of APg at which capital can be said to bear the entire tax, as its net 
return is reduced by the amount of the tax proceeds For those < ases in 
which the price iiUls by more than this figure, capital can lie said to be 
bearing more than 100 percent of the tax burden. 
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nL Results of the Algorithmic Approach 

Using the revised data of table 2, the efficiency cost of the distortionary 
taxation of capital income has been recomputed usmg a solution algorithm 
for a general equilibrium model It is, of course, the corrected results of 
columns 9 and 10 of table 3 which will serve as a basis for comparison. 
Such additional questions as the impact of the taxes on the supply trf 
labor, on the functional and personal distnbuuon of income, and the 
flat capital income tax rate which would be required to generate the same 
real revenue as the existing taxes can be addressed usmg the algonthmic 
approach In most cases the assumptions of Harberger have been followed, 
although the models of course are not stnctly comparable Production 
functions are assumed to be of the CES form, while both CLS and Cobb- 
E>ouglas utility functions were analyzed for consumers Two classes of 
consumers were incorporated, one representing the top 10 percent of 
the income recipients in the United States, the other the bottom 90 
percent The model was solved both with and without the inclusion of a 
labor-leisure choice, although detailed results will be presented only for 
the fixed-labor-supply case 

Just as there is no need to respiecify the Harberger model completely 
each time it is employed, it is likewise unnecessary to review fully the 
Scarf (1973) general equilibrium algorithm uulized here to derive the 
results of this section For that reason, only a brief sketch of the mcchames 
of the approach is presented 

The basic idea of the algonthmic approach of this sccuon is to sjjccify 
an Arrow-Debreu general equilibrium model with and without taxes 
The existence of an eqmhbnum for a model with such ad valorem taxes 
IS assured m Shoven (1974) In order to parameterize the model, some 
extraneous estimates are required These arc the same factor subsUtuUon 
and demand elasticities which must be specified m the Harberger approach 
described m the last section Given these estimates, which comprise 
perhaps one-third of the total number of parameters, the model is solved 
“backward” to determine the values that the remaimng variables must 
take m order to replicate exactly the prechange economy The techmque 
of carrymg out this parameterization approach is more fully desenbed m 
Shoven (1973) and Whalley (1973) Once all the parameters are set, the 
model IS solved “forward” for a new equilibrium m the presence of the 
new tax environment In the case of this study, the new system involves 
the removal of the surtax on capital income m the heavily taxed sector 
(or sectors with the 12-sector level of aggregation). The soluUon techmque 
IS a version of Scarf’s algorithm modified to include taxes and contmuous 
production functions. This method is detailed m Shoven (1973) and 
Shoven and Whalley (1973). The degree of approximauon is gtcady 
improved with a Newton-type termmauon routine similar to that dc- 
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scribed in appendix A of Shoven and Whalley (1972). The advantages of 
this general approach over that of Section II are that (1) no locahzation 
assumptions are required; (2) it is simple to incorporate many com¬ 
modities and several classes of consumers; and (3) it is unnecessary to 
assume fixed factor supplies. A more abstract advantage is that the model 
need not be kept sufficiently simple so as to be analytically tractable 
On the production side of the economy, each sector’s technological 
production possibdities are characterized by a CES production function 
such as 

Qi = + (1 - ( 5 ) 

Noting the discussion in the previous section of plausible estimates of the 
elasticity of substitution (in this case 5, = —1/[1 + pH), seven cases 
were considered' three in line with Harberger, and four others They 
may be listed as 


Case 


•Sr 

1 

-1 00 

-1 00 

2 

-1 00 

-0 50 

3 

-1 00 

-0 25 

4 

-0 75 

-0 25 

5 

-0 50 

-0 50 

6 

-0 50 

-0.25 

7 

-0.25 

-0.25 


As previously mentioned, two consumers were considered; the first 
heunstically represents the upper 10 percent of the income recipients, 
while the second represents the lower 90 percent The first is endowed 
with approximately 23 percent of the economy’s labor (corresponding to 
the observed share of labor income gomg to the top decile of income 
receivers) and 40 percent of total stock of capital (both figures from Pro- 
j’ector and Weiss 1966) This latter figure roughly corresponds to the 
share of capital income going to the top 10 percent of the income re¬ 
ceivers, although It is much lower than the share of capital income going 
to the top 10 percent of wealth holders. Endowmg the high-income 
receivers with more than 10 percent of the labor appeals to an equal 
endowment of labor in natural umts but a disproportionate endowment 
in efficiency units. 

Each consumer’s demand functions arc of the form 


*ij 


h fiL 


1 = 1 ,. nij = 1, 2, (6) 


where x,j is consumer j’a demand for commodity i, measures the 
intensity of his desire for commodity s'. Pi is the price of the ith good, Vj 
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is indMdual j’s elasticity of substitution between commodities, and Jj 
is his income given by 

A 

/y = (7) 

where the Wy are his initial asset holdings, including labor. 

In the recomputations, two values for the consumer’s elasticities of 
substituUon (i.e , the V/s) are examined 1 0 and 0 5 With Vj equal to 
1.0, the demand functions (6) are of the familiar Cobb-Douglas type 

Using the demand functions (6) permits one to impose the obUrved 
aggregate 5.69-1 0 expenditure ratio for the outputs of the heavily and 
lightly taxed sectors Approximately $252 billion a year was spent on 
“corporate” products, while only $44 billion was spent on the output of 
the “non-corporate” sector If each individual’s tastes were such that 
Ofj = 5 69a2j, J = 1,2, where the “coiporate” product is labeled 
commodity 1 and the “non-corporate” product commodity 2, the 
expenditure ratios of the model would exactly correspiond to the 5 69-1 00 
figure with unitary prices However, in the examples investigated here, 
lower-income individuals are taken to place a rclauvely higher weight on 
the output of the lightly taxed sector than higher-income individuals. 
This IS consistent with observed higher budget shares allocated to food 
expenditures (agncultural output) by lower-income people The ratios 
aijla^j used are 7 00 for the higher-incomc consumer and 5 30 for the 
lower-income consumer 

The total endowments of the economy are taken from table 2 of the 
last section Again, we need to clarify units convenuons The approach 
taken in this section is to analyze all capital income taxes, and not simply 
the surtax This implies taking as a unit of capital that amount which 
earns $1 00 net of all taxes, Harberger’s original units The advantage of 
this convention here is that it readily permits disaggregauon, and it 
explicidy recognizes that the government’s tax collections nsc (even from 
neutral taxes) when the net price of capital services increase It is a 
perfectly acceptable units convention, provided all taxes are incorporated 
into the model Relative price changes and real output effects are m- 
depiendent of which of the two consistent units definitions is chosen. 
Only in comparing absolute quantities of capital must the appropriate 
conversion (1.45) be apphed. With this settled and in the absence of a 
labor-leisure choice, the total labor endowment is taken to be 217.342 
billion units, while the capital-services endowment is 42 104 bilhon units. 
In the presence of the surtax, 23 589 bilhon units of capital and 199.871 
billion umts of labor are allocated to the “corpioratc” sector (from 
table 2, columns 1 and 7). To focus solely on the impact of the tax, the 
fraction of government tax proceeds relumed to each consumption class 
is assumed equal to that class’s fracuon of the total capital endowment. 



1974 JOURNAL OF POUTIOAL ECONOUY 

Thus the potential redistributionary effects of the expenditure of the tax 
proceeds are not considered here. 

Table 4 contains a summary of the efBciency loss and incidence results 
for the two production-sector cases What is compared in this table is the 
observed equilibrium (the equilibrium in the presence of distortionary 
capital income taxes) with the equilibrium which would prevail in the 
absence of the distortionary taxes (i.e , in the absence of what Harberger 
refers to as the surtax) Also reported are the equilibrium prices and the 
tax rate (on net income) which would prevail if the replacement were a 
flat tax designed to have the same real yield as is reahzcd in the dis- 
tortionary situation. A PasLSche price index is used m determining real 
rather than nommal revenue equivalency. The techmquc of dctermimng 
this equal-yield tax rate is described in Shoven and Whalley (1975) 
The entry termed the “shift factor” is presented to give some insight into 
the incidence of the distortionary capital taxation with respect to the 
functional distribution of income * The definition of the term is shift 
factor = 1 + (APKK]l{AIi), where K is the total endowment of capital, 
APjt is the change in the net price of capital in moving from the non- 
distortionary to the distortionary tax regime (thus this term is negative 
in all cases), and AR is the change m nominal government revenue 
(which IS of course posiuvc) If this shift factor is zero, the decrease in the 
net return to capital is equal to the increase in government revenue due 
to the distortionary surtax, and in this sense capital may be said to bear 
the full burden A negative value for this shift factor would indicate that 
capital bears more than 100 percent of the burden of the surtax, while a 
positive value would reflect the fact that labor is sharing in its costs. 

Table 4, part A, presents the results for the cases in which both con¬ 
sumer classes h?ve demand elasticities of substitution {V/i) equal to 1 
As one would expiect, the removal of the surtax involves a decrease in the 
price of X, the “corporate” output, and an increase in the price of 
(due to the increase in the net price of capital) It might be noted that 
these pnee changes tend to benefit the higher-incomc consumer class 
more than the lower-income class, as the former spends a larger fraction 
of its mcome on products which decrease in price (i.e , X) As is done in 
Harberger’s work, labor is taken as the numeraire commodity and thus 
always has a pnee of unity. The "X" and “F” rows show that the output 
of sector X increases by 2-3 percent, while the output of sector Y de¬ 
creases by as much as 13 percent. Factor substitution occurs, and the 
“corporate” sector switches to a more capital-intensive technology with 
the removal of the surtax, while the lightly taxed sector becomes more 
labor intensive. One interesting aspect of this particular problem is that 
the sector whose capital income u currently heavily taxed is relatively 


* Of couTK the reader alto can compute A/’c from the tablet 
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labor intensive. This fact opens the possibility that labor may bear a 
large fraction of the burden of the surtax, particularly in cases with low 
elasticities of factor substitution Indeed, the “shift factor” row of this 
section shows that, in cases 5, 6, and 7, labor’s share of the burden is 
significant In fact, in case 7 the relative share of the rich consumer class 
(whose assets are capital intensive) is 0 4 percent higher in the presence 
of the distortionary tax than in its absence The efficiency loss estimates 
are shown to be sensitive to the specification of the production parameters 
and range between $0 435 billion and $2 344 bilhon These figures amount 
to 2 8-18 7 percent of the revenue generated by the surtax For each para- 
metenzaUon, two loss estimates (or changes in NNP)‘ are given one 
evaluated at the observed prices and one at the new, nondistortionary 
prices As is known from index number theory, under “reasonable” 
assumptions it can be shown that the estimate based on the new prices 
gives by a lower bound for welfare losses, while that based on the old, 
observed prices provides an upper bound 

As capital services are fixed in aggregate supply by assumption, any 
flat-rate tax on capital income is nondistortionary Further, since the tax 
proceeds are distributed according to one’s ownership of capital, the 
distribution of income is unaffected by flat-rate capital income taxes 
It IS for these reasons that the only price which changes in moving from a 
flat 45 16878 percent tax (the surtax-removal cases) to a flat tax at an 
equal-yield rate is the net price of capital For each of the seven production 
paramcterizations, the new net price of capital and the equal-yield tax 
rate applying to net capital income arc shown in the “/’jj” and “tax rate” 
rows, respectively 

Part B of table 4 presents the same seven factor-elasticity cases where 
the consumers’ elasticities of substitution are now specified as 0 5 As is 
shown, the efficiency loss estimates arc reduced by 10-40 percent, and the 
shift factors arc substantially lower, indicating that labor bears a smaller 
share of the burden of the surtax The sensitivity of this incidence of the 
distortion on the functional distribution of income to different parameten- 
zations seems to be far greater than expected or indicated by Harbcrger. 

In comparing the estimates of the two parts of table 4 with Harberger’s 
corrected results, one arrives at the general conclusion that the magnitudes 
are similar. The capital reallocation caused by the discnminatory capital 
income taxation is estimated to be smaller with the algorithmic approach 
of this section. Recalhng the inequality of the units of measurement, the 
figures can best be mterpreted by comparing the percentage increase m 
the amount of capital allocated to sector X which would occur in moving 
from the distortionary to a neutral tax situation The six comparable 

* What u referred to here as MNP u the value of the product of the two (or 12) sectors 
'The efficiency loa u the value of the change in production 
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p 1 00000 1 00692 1 04901 1 07269 1 01902 0 90749 0 93441 0 78472 

R 37 168 36 877 37 141 37 289 36 998 36 376 36^ 35 719 

Tax rate 122112/0 45169 0 86983 0 84091 0 82795 0 86232 0 95204 0 92871 1 081OB 



TABLE 4 (Conttnued) 
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TABLE 5 

% Increase in Capitai. Allocated to “Corporate" Sector 
WITH Neittral Capital Income Taxation 


5r 

■Sr 

V 

Estimate of 
Harberger Model 

(%) 

Scarf 

Algorithm Estimate 

(%) 



-1 0 

19 74 

17 97 



-1 0 

17 08 

15 81 

-05 

-05 

-1 0 

13 87 


-I 0 

-1 0 

-05 

14 98 

1388 

-10 

-0 5 

-0 5 

11 68 

10 98 

-05 

-05 

-05 

9 87 

9 20 


cases are shown in table 5 ’ The algorithmic estimates indicate that the 
discriminatory taxes cause slightly less resource misallocation and therefore 
a slightly smaller dead-weight loss These facts are confirmed by noting 
that table 4 also indicates a smaller change in the price of capital services 
than do the comparable cases in column 10 of table 3 In all cases the 
percentage of deviation between the two approaches correctly imple¬ 
mented is small, indicating that, despite its several shortcomings, 
Harberger’s model does not give a poor approximation, even for analyzing 
tax distortions as large as these 

Somewhat more ambiguity occurs in comparing the dead-wcight loss 
estimates, although again the answers do not conflict I would argue, 
however, that, in giving a point estimate, the Harberger approach may 
give the user of that technique a false sense of precision While Harberger 
qualifies his results as rough estimates, the approach of this section gives 
an explicit upper and lower bound for the welfare loss * In the six com¬ 
parable Ccises, the Harberger corrected point estimate is always well 
within the upper and lower bounds prescribed in table 4 and is somewhat 
larger than their arithmetic or geometric mean The geometric mean, of 
course, forms the Fisher “ideal” index (Fisher 1927) Again, however, the 
point estimate provided by the Harberger method docs not deviate far 
from what one would arrive at with the technique of this section 


’’ The two modeb are not itrictly comparable One difference is the fact that two 
consumer classes are dealt with in this section, while the Harberger approach cncompassr< 
only a single-consumer or market demand relationship The Scarf algorithm method w.r 
also run with a single consumer, and the results m terms of resource allocation across thi 
two production sectors, prices, and dead-weigbt loss were nearly identical with th< 
examples with two consumer classes reported here So this ^oes not account for the smal 
differences in the results between Harbeiger's method and those of this section Thi 
differences are due to the local assumptions of the Harberger model and the lack of •» 
income effect in its demand specification 

* Of course, for a mulutude of reasons, the numerical accuracy of these bounds thrir 
selves needs qualification 
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The Scarf algorithm approach of this section allows the incorporation 
of a labor-leisure choice in the model A fairly simple and possibly un¬ 
realistic demand function for leisure was analyzed in Shoven (1973) and 
Shoven and Whalley (1972) The more recent study covered the same 
elasticity cases repc. ted on here The general results were that the welfare 
loss estimates were approximately the same as in the fixcd-labor-supply 
case, as long as leisure was valued at the wage rate It is possible that the 
value of production can actually be higher in the presence of the distortion 
than in its absence That is, the inefficiency of the distortion can be 
mamfested totally in a decreased consumption of leisure The lesson from 
that carher analysis, then, is that the change in NNP is likely to be a poor 
estimate of the efficiency loss if there is a substantial elasticity in the supply 
of labor 

Given that the two approaches, when applied correedy to two pro¬ 
duction-sector data, are in broad agreement as to the incidence and 
efficiency effects of capital income taxes, the major advantage of the 
Scarf algorithmic method is its capabihty to analyze a more disaggregated 
description of production The Harberger producer-surplus approach can 
likewise be disaggregated, but the general equilibrium model he uses to 
solve for the capital reallocation cannot easily incorjxirate more than a 
two-way division of production, except for the case in which all elasticities 
of substitution arc the same (Hoffman 1972) 

In order to evaluate the impact of disaggregation, the 12-sector data 
of table 2 were analyzed using the Scarf algorithm The results for a 
selective subset of the 12 production-sector cases are contained in table 6 
As intermediate products are not explicitly considered, it is necessary to 
interpret consumers as demanding value added from each of the 12 sectors. 
What IS compared is the current tax situation (with each of the 12 sectors 
facing the different effective tax rates, as shown in column 9, table 2) with 
a flat-tax regime, with the tax rate set at 45 16878 percent (for compara¬ 
bility with the two-sector results just presented) As above, the equal-yield 
tax rate and the corresponding net price of capital were computed and 
are reported Ckimpared with the two-sector results shown in the previous 
set of tables, the loss estimates for these 12-5ector cases are 10-70 piercent 
higher. The efficiency cost as a percentage of the surtax yield now goes as 
high as 24 4 percent The restnetiveness of the two-sector bifurcation of 
production is seen by noting that large relative price differenuals develop 
between sectors which had previously been aggregated together in the 
“corporate” sector In particular, the price of petroleum and coal 
products is shown to rise as much as 24 percent rclauve to the price of 
commumcation and public utilities with the switch to neutral capital 
income taxation. While the two-sector results had indicated that the 
price of the “corporate” sector’s output would fall, it is seen in table 6 
that the price of some components of that sector would nse relative to the 



TABLE 6 

Sblbctivc SincMARY or 12 Sboior Rbiults 



Observed 




Case* 

Equibbrium 

1 

2 

3 


A Coiuumer Demand Elasticities » 1, Fixed Factor Supplies 

•St.i.s 


-1.0 

-0 75 

-0 25 

■Sa-i j 


-1 0 

-0 25 

-0 25 

Surtax removal' 




P.IYi 

1.00000/ 16 281 

1 13667/ 14 322 

1 14850/ 14 197 

1 07483/ 14 680 

Ft/Fa 

1 00000/ 25 298 

1 19444/ 21.180 

1 20492/ 21 027 

1.09027/ 22 487 

P,IY, 

1 00000/ 2 770 

1 15212/ 2 404 

1 17168/ 2 368 

1 10970/ 2 419 

PJX^ 

1 00000/ 3.216 

0 96275/ 3 340 

0 96454/ 3 339 

0.94226/ 3.304 

PJX, 

1,00000/ 17 865 

0 99713/ 17 916 

0 99753/ 17 937 

0 98936/ 17 480 

PJX^ 

1 00000/104 291 

0 93235/111 859 

0 93539/111 670 

0.91523/110.309 

PilXi 

1 00000/ 3 144 

1 01668/ 3 092 

1 01817/ 3 093 

0 98789/ 3 081 

F./jr, 

1 00000/ 4 874 

1 07470/ 4.535 

1 07906/ 4 524 

0.99339/ 4.750 

P,IX, 

1.00000/ 54 467 

1 00463/ 54 236 

1.00582/ 54 257 

0 98013/ 53 816 

PialXid 

1 00000/ 16 761 

0 96786/ 17 318 

0.96940/ 17 317 

0 95340/ 17 019 

PiilXii 

1 00000/ 13 883 

0 87008/ 15 956 

0 87477/ 15 895 

0 83382/ 16 118 

P.zlX,^ 

Pl 

1 00000/ 33 744 , 
1.00000 

0 99968/ 33 755 

1 00000 

1 00003/ 33 796 

1 00000 

0 99244/ 32 915 
1.00000 

Pm 

1 00000 

1 29695 

1 30453 

1 14267 

li 

37 168 

24 665 

24 809 

21 731 

Shift factor 


0 00000 

-0 03749 

0 610853 

ANNPt 


1 344 

0 774 

0 477 

ANNPi 


3 300 

2 808 

1 762 

E<^1 yield 

1 00000 

1 00971 

1 01792 

0 80915 

R 

37 168 

36 759 

36 877 

35 774 

Tax Rate 


0 86466 

0 86044 

1 05006 


B Coiuumer Demand Elagticities >=0 5, Fixed Factor Suppbes 




-10 

-0 75 

-0 25 



-10 

-0 25 

-0 25 

Surtax removal 




P.IYi 

100000/ 16.281 

1 14982/ 15 276 

1 17555/ 15 144 

1.10548/ 15.371 

P.IYz 

1.00000/ 25 298 

1 21625/ 23 079 

1 24727/ 22 845 

1 13786/ 23 542 

P^IYi 

1.00000/ 2 770 

1 16216/ 2 585 

1 19441/ 2 556 

1 13551/ 2 580 

PJXm 

1.00000/ 3 216 

0 96788/ 3 290 

0 97361/ 3 289 

0 95204/ 3 270 

P>IX, 

1 00000/ 17 865 

0 99879/ 17.993 

1 00053/ 18 025 

0.99278/ 17 790 

PJXm 

1 00000/104 291 

0 93784/108 395 

0 94490/108 277 

0 92506/107 588 

PnIX-, 

1 00000/ 3 144 

102246/ S.I30 

1.02890/ 3 128 

1.00064/ 3 119 

PJX, 

1 00000/ 4 874 

109141/ 4 696 

1 11011/ 4 669 

1 02938/ 4 767 

P 9 IX, . 

1 00000/ 54 487 

1 00963/ 54 580 

1 01501/ 54 581 

0 99086/ 54 311 


100000/ 16 761 

0 97172/ 17 114 

0 97616/ 17 121 

0 96059/ 16 968 

F.i/Jf.i 

1 00000/ 13 883 

0 88024/ 14 894 

0 89270/ 14 829 

0 85279/ 14 916 

p. 

1 00000/ 33 744 
1.00000 

1 00000 

1 00H6/ 39 944 
KOOOOO 

1 00276/ 34 008 
1.00000 

0.99561/ 93 555 
1 00000 

Pm 

1 32957 

1 36463 

1 20969 

R 

37 168 

25.286 

25 952 

23 006 

Shift factor 


-0 16777 

-0 36883 

0 37659 

ANNPt 
ANNPi . 


1.298 

2 363 

0 657 

1.857 

0390 

1 164 

Etjmal yield 

1.00000 

1.04844 

1.09151 

0.89259 

R. . . 

37.168 

37 122 

37.452 

36.357 

Tax rate 


0.84094 

0.81494 

0.96741 


• Sector 1, MitciStun, 2, ml cMale, 3, crude oil aod su, 4, mmintj 3, coouaci ccactruction, S, manu- 
foeturiag, 7 , himbar and viood produen, 8 , petroleiun and coal produciii 8, Iradai 10 , Uamiiartation, 
11, commimicatiaa and public uiultlar, 12 , lervicf* 

J S biffico. GaiculaMd at new , nondiMortioRary) pricce 
S bilUco. Cakulaled at old (1 e, obterved) pricca ^ 
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TABLE 7 


Fiihek Index of Social Waste 

Consumer Demand ELAsriaTiEs = 1 0, Fixed Factor Sufpues 


2 Sectors 



12 Sectors 



Sx 

Sr 

S Billion 

■^1 1 J 

^♦'12 

S Billion 

-1 00 

-1 00 

1 49 

-1 00 

-1 00 

2 

11 

-1.00 

-0 50 

1 19 




-1 00 

-0 25 

1 00 





-0 75 

-0 25 

0 97 

-0 75 

-0 25 

1 

47 

-0 50 

-050 

099 


-0 50 

-0 25 

0 89 





-0 25 

-0 25 

0 69 

-0 25 

-0 25 

0 

92 


price of labor The added detail of this disaggregated analysis thus gives 
a somewhat different picture and mformauon which may be valuable in 
the making of policy decisions 

As has been shown in tables 4 and 6, a change in tax rates causes a 
vector of changes in outputs which must be aggregated to arrive a' a 
single-number dcad-weight loss estimate This condensation of information 
IS subject to the usual index number problems, and I have presented the 
Paasche and Laspeyres measures of the inefficiency resulting from the 
distortionary taxation of capital income in the 1953-59 U S economy 
Nonetheless, policy makers often want a single number, and not a range 
of numbers (they want the impossible solution to the mdex number 
problem) One technique of combining the Paasche and Laspeyres 
indices into a single loss estimate is to form the Fisher “ideal” index 
(Fisher 1927), which is the square root of their product The results of 
such a procedure for the cases shown in part A of tables 4 and 6 are shown 
in table 7 If personally asked to give a point estimate of the efficiency loss 
due to the U S capital income taxes, 1 would refer to the = — 0 75, 
Sy = —0 25 12-sector model The Fisher index shows a loss of $1 47 
billion in this case, or 11 9 picreent of the surtax revenue The point 
estimate is somewhat smaller than what one would arrive at from 
Harberger's published estimates, although, given the magnitude of his 
two mistakes and the fact that this is for a 12-scctor rather than a two- 
sector analysis, the number is remarkably close to the $2 0-$2 5 bilhon 
figure one might get from his work Needless to say, one would stdl want 
to qualify heavily any such jxiint estimate 

rv. Conclusion 

This paper has reexamined the results of the Harberger model concermng 
the static efficiency cost of the U S taxation of capital income durmg the 
1953-59 period. I have asserted that Harberger made two significant 
mistakes in his earlier evaluation of this question, each of which sub¬ 
stantially altered his results The net effect of correcung these errors is to 
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lower the dead-weight loss estimates previously published as ranging from 
$1.0 billion to $2.9 billion approximately 38 percent to a range of $0,625 
billion-$ 1 79 billion The correct results are thus an even smaller fraction of 
GNP or NNP than previously thought, but the efficiency loss does amount 
to between 6 and 15 percent of the revenue generated by the distortionary 
surtax on capital income originating from the “corporate” sector 

Using the corrected data, I have computed the incidence and dead¬ 
weight loss using an algorithmic-solution technique for a general equi¬ 
librium model. In the two-sector analyses, the results do not differ sub¬ 
stantially from the corrected Harbergcr figures, showing, if anything, 
that the unequal tax treatment causes less resource reallocation The con¬ 
clusion is that, at least in this case, the second-order approximations made 
in the Harberger analysis are reasonably accurate, even for tax distortions 
as large as those of this study The algorithmic approach docs explicitly 
remind one of the fundamental index number problems in describing the 
static inefficiency effects of a tax distortion with a single number 

One of the advantages of the algorithmic method is its capability of 
solving a disaggregated general equilibrium model In order to evaluate 
the effect of moving to a less aggregated description of production, a 
12-sector analysis was presented The dead-weight loss estimates increased 
an average of approximately 40 percent from what they were in the two- 
sector cases The model also implied that differential capital income taxes 
caused significant relative output price distortions among sectors which 
were previously lumped together It was stated that the added richness 
of the results of the disaggregated analysis should be valuable to those 
involved in tax policy evaluation and formation 

The final point which should be made is that, in comparing the 
Harberger model and approach with the algorithmic-solution procedure 
in this study, I have not pressed the latter method anywhere near its 
capabilities Because of its ability to handle models with many commodities 
and consumers, detailed incidence studies arc feasible Further, the 
additional disaggregation may allow studying several distortions simul¬ 
taneously or, by timc-daiing commodities, permit a dynamic evaluation 
of policy alterations The purpose here was to correct Harberger’s errors 
in his study of the efficiency cost of uneven capital income taxation and 
to examine how different the results of a similar simple analysis would be 
with this algonthmic approach. The implementation of the further 
capabilities of the algorithmic technique in conjunction with more receni 
economic data is an area of active research for this author and others 
but is beyond the scope of this study. 


A ^Hmr Vmittm, TtsU, t»d 

td. New Yorks Hat^iuoa aa’Aft^ f0g/^ 
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The Incidence and Efficiency Effects of 
Taxes on Income from Capital: A Reply 

Arnold C. Harbci;ger 
Uitaeratf of Chicago 

Ncil Bruce 

Quern's Umvernfy 


I 

Having attention called to one’s mistakes cannot be classified as a happy 
event. Nonetheless, it must be done when mistakes of significance are 
involved, and I am glad that John Shovcn (pp 1261-83, this issue) has 
mimmized bloodshed in carrying out the task 

I have no alternative but to plead guilty to both of the errors of which 
I am accused One of them was a straightforward anthmctic mistake, for 
which I alone am responsible ‘ The second was a blunder in applymg a 
theoretical concept that is basically crystal clear Its application, however, 
sometimes requires a certain degree of subtlety, which I shall attempt here 
bnefly to describe 

The subdety has to do with the circumstances under which, and the 
senses in which, the welfare costs of a tax system are independent of the 

Thu reply repreienti a rather special form of joint authorship Section I, acknovrledging 
errors m hu earlier paper, u exclusively Harberger’s Section II, discussing the accuracy 
of alternative procedures for estunating welfare costs, u joint in the usual sense And the 
Appendix, setting out the calculations of compensating and equivalent vanauoaa, is 
exclusively Bruce’s, wboae idea it was to use these as the standard of comparison in Sectmo 

‘ No rcMitfch aautant helped me with the calculauons in quesuon, hence I have no 
one with whom to share the blame The lenons I have learned from this particular error 
are (a) do not wnte papers in marathon sessions of more than 24 consecutive hours; 
(*) alwayt, but eqseoally so if rule a is vitdated, have the key calculanons checked by 

someone ^e. 

ifnawip, I9T6. voL M. BO. 6] 

O IBWavTIai Ueissiiily afQuasto. All rwto imr w d . 
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addition of a neutral tax. In a certain sense, this independence has to 
hold if the added tax is indeed neutral. Yet it is quite clear that the pro¬ 
cedures I used for calculating welfare costs would have been correct had 
the distorting tax been the only tax in the system. The error came m my 
failing to see that, at least in some cases, my measure of the welfare cost of 
the stated distortion would be different in the presence of a neutral tax 
from the measure to be used in its absence. 

To put this explanation on the simplest ground possible, consider the 
simple textbook case of a world with linear demand relationships and 
with only two commodities, A and B, produced at constant unit resource 
costs (r„ = Cj = $ 1) under conditions of factor supply such that Ac^ + 
Bc^ = R, A constant In exploring this case, let us consider three alter¬ 
native tax packages (1) a specific (distorting) tax of cents per unit of 
A, combined with another specific (neutral) tax of T), cents per unit of A 
and B produced (and consumed) in this stylized economy, (2) an ad 
valorem (distorting) tax of piercent of the resource costs of A, combined 
with an ad valorem neutral tax of t„ percent of the resource costs of both 
A and B, (3) an ad valorem (distorting) tax of r* percent of the price of 
A, that price being defined so as to include the neutral tax applying 
to the resource costs of both A and B 

In case 1, the standard welfare-cost triangle for the distorting tax is 
simply \T,\tiA\, this measure does not change as T„ is introduced or 
changed In case 2, the welfare cost of the distorting tax is ^T/,lAd|, 
this too IS invariant with respect to the introduction of or changes m 
In case 3, however, the welfare cost is iT*(l + t,)c„|A< 4| , this is obviously 
not independent of t. 

In the set of calculations that Shoven is criticizing, I distilled the 
taxation of income from capital in the United States into a neutral tax 
(like T„) of 45 percent and a distorung tax of 85 percent This tax was 
like in case 3 above, in that the neutral tax and the distorting tax 
combined in a multiplicative fashion to link resource cost with market 
price (i e , c,[l -I- t„][ 1 + x*] = F,) Yet, in interpreting and working 
with the figure, I acted as if it were hkc x, m case 2 (i e , c,[l + x, + x,] = 
P„) Shoven’s point, with which I fully agree, is that, to be consistent with 
this interpretation, my measure of the distortion should have been 
1 45 X 85 percent, or 123 percent Alternatively and equivalently, the 
base to which the 85 percent distortion was applied should itself have 
been augmented by 45 percent. 

Readers may not even yet appreciate the degree of subtlety that is 
involved here. As I have expounded the cases, it setms that T, in case 1 
(or Xa m case 2) gives a measure of welfare cost that is invariant to intro¬ 
ducing or changing T, (or t, in case 2), while xj in case 3 gives a measure 
that is not invariant. All these conclusions arc true, providing that one 
is taking unit resource cost as the numeraire in terms of which one measures 
welfare cost. 
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But it is not at all clear that unit resource cost is the most convement or 
appropriate numeraire. If we use the price paid by consumers for the 
product of the undistorted sector (P^) as the numeraire, we find that our 
measure of welfare cost in cases 1 and 2 ends up varying with T, and t„ 
while our measure in case 3 ends up invariant to changes in t„ The same 
conclusion applies if total consumer expenditures is taken as the 
numeraire—the choice that seems to have the best theoreticaljustificauon * 

These results jibe well with .-ommon sense A tax of $0 10 per unit of a 
product whose resource costs are $1 00 per unit will, for linear demand 
curves, have the same dollar value of welfare costs when there is also a 
neutral tax equal to 50 percent of cost as when there is no neutral tax at 
all. But the value of those welfare costs, measured in terms of consumer 
expenditures, will be lower (I am assuming here that all situaUons are 
comparable m the sense that c, = = $1 00) In this way the real 

costs of Tg and of are lower in the presence of a neutral tax T, or t, 
than in its absence But, if the distorting tax is expressed as a fraction of the 
price the consumer pays (either gross or net [as in r*] of the distorting 
tax Itself), then the real situation faced by the consumer is invariant to 
the introduction of or changes in t„ even though the nominal dollar 
measure of the welfare cost of the tax changes as a function of t. And this 
mvanance of the consumer’s real situation is picked up when the 
numeraire is either total consumer expenditure or the price {P^) of a 
good subject only to neutral taxauon It is missed when the numeraire is 
unit resource cost 

If this discussion serves to convince readers that some quite tricky issues 
arc involved here, one of my purpioses will already have been served. 
And, if readers conclude from the discussion above that the case 3 way of 
providing a quick and styhzed snapshot of a tax system has advantages 
over those of cases 1 and 2, in the sense that the mvanance involved is 
“real” in a deeper and different sense, then my second purpose will have 
been served My mistake was not m choosing to use the case 3 model but 
in faihng to carry through the calculations in a fashion consistent with 
that choice. 


n 

We now turn to the parts of Shoven’s paper in which he advances and 
espouses an altcmaUvc soluuon to the problem in quesUon—the al¬ 
gorithmic approach When all is said and done, this approach amounts 
to setting out a full (even though highly simplified) general-equilibrium 

* Diewert (1966) shows that what he caUi the Harberger wcUare uxheator (a general¬ 
ised consumer-aurplua triangle) u exact for quadrauc utility fimctioni when nonnaliaed 
on total e^enditure. Brw (1975, 1977) extends this result to all homodicUe utihty 
iunctiona, for a generahxed mangle whoK hypotenuse can be curvilinear (wdiere Diewert’§ 
are linear). 
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model, specifying production and demand functions, resource constraints, 
and other relevant parameters. Alternative solutions of this model are 
then found for the “with tax’* and “without tax’’ cases. 

At this level of operations, we have no quarrel with the algorithmic 
approach It certainly is not a bad thing to see the full range of the 
functions one is dealing with and to calculate explicitly the full solutions 
that the system yields under alternative sets of assumptions 

Our only debate concerns what is done with the solutions once they 
are obtained In the published apphcations to date of the algorithmic 
approach (Shoven and Whallcy 1972, 1973, Shoven 1973, 1974, 1976), 
the typical procedure has been to obtain the vector of changes AX, in the 
quantities of the individual final products involved m the analysis and to 
“price” these changes at the prices prevailing either m the “without tax” 
or in the “with tax” equilibrium This procedure has the defect of im- 
plicidy attributing a rectangle of welfare cost, in a simple excise-tax 
example like that set out in the preceding section, when “with tax” prices 
are used; alternatively, it would assign a zero welfare cost to an excise 
tax when “without tax” prices {c,) arc used, as long as the production 
constraint is linear (i e , X,c, = ^ 

Perhaps partly as a result of our communicating these reservations 
informally, but probably more importandy as a result of his further 
independent consideration of the issues, Shoven in the present study 
adopts the convention of taking the geometric mean of the welfare costs 
measured at prices “without” and “with” the tax distortion The pro¬ 
cedure, which IS similar to valuing the AX, using a Fisher ideal price 
index, yields a triangle of welfare cost in the simple textbook case (although 
with a curvilinear hypotenuse rather than the linear one that would 
emerge if the arithmetic mean of the two prices had been used). We 
welcome this modificaUon, which makes it quite clear that our earher 
objection did not call into question the algorithmic approach as such but 
only the particular way in which it was “married” to applied welfare 
economics in the exercises under discussion. 

Our questions now arc, How well does this modified approach do'* 
How do the results compare with attempts to estimate consumer-surplus 
triangles directly^ And, finally, arc there ways in which the procedure 
can be further refined and improved’ 

Shoven’s paper provides us with a useful way to answer the first 
question, in that one can specify a utility function to correspond to each 
of the demand functions used m the algorithmic approach We will deal, 
for simplicity, with h.s case 1, in which all three elastiaties of substitution 
are equal to unity; but the methodology that we employ (see Appendix) 

* The renilu are more complicated with curvilinear production constraints or with 
lactor-market distortions. 
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can readily be extended to the other cases as well Once we have a utility 
funcUon, we can proceed to measure directly the compensating variation 
in income (i.e , that income change, at the distorted prices, which would 
be necessary to bring consumers back up to their undistorted level of 
utility). And we can also measure the equivalent variation (i e , the 
amount by which income at undistorted prices could be reduced, while 
still permitting consumers to atuin the same level of utility as they enjoy 
in the distorted situation) For case 1, the compensating vanaUon turns 
out to be $1 675 billion, and the equivalent variation is $1 665 bilhon 
(see Appendix) Note that both the compensating and the equivalent 
variation are exact and unambiguous measures of the change in welfare 
They differ only with respect to the set of relative prices at which the 
welfare leveb associated with two specific indifference curves arc quanti¬ 
fied and compared They are both therefore “right” answers to the first 
question. And it is worthwhile pointing out that comparing the same two 
welfare levels at some intermediate set of relative prices would, in general 
for well-behaved functions, give a result somewhere between these two 
bounds. Since in any case the bounds are so close together, we shall work 
from here on with $1 67 billion as a summary figure for “the truth.” 

This figure can be compared with Shoven’s own answers of $0 943 
bdlion at undistorted prices and $2 34 billion at distorted pnccs (his 
table 4, pt A, col 1 rows 17 and 18) or their geometric mean of $1 49 
billion (his table 7, col 3, row I) The original Paasche and Laspeyres 
indexes generate incredibly wide margins, while the geometric mean is a 
quite close approximation to “the truth ” (Note that we arc not testmg 
here the algonthmic solution, as that is used for obtaining all four figures 
[0 943, 1 49, 1 67, and 2 34 billion dollars], we are rather, checking the 
accuracy of the Paasche, Laspeyres, and Fisher [geometric mean] indexes 
of welfare change against our $1 67 billion figure for “the truth ”) 

The corresponding value for Harberger’s estimate, as corrected by 
Shoven for both of the mistakes that motivated his article, is $1 79 billion 
This is a bit closer to “the truth” than Shoven’s geometric mean estimate, 
even though it does not use the data generated by the algonthmic 
approach at all ^ But note that a straightforward arithmeuc mean, using * •* 

* The cloKnen of the corrected Harbcrgcr rstimair to "the truth" seems to be a fully 
adequate demoostralion that the several alleged "shortcomings” of Harberger's approach, 
associated with local or “small change” assumpuons, are not as severe as Shoven’s text 
imfdia Shoven himself does not come as close in this parucular case Even though he 
calculates quanUty changes exactly using the algorithmic method, hu methods of valuing 
the social coat of these changes are sufficiently crude to ofbet the advantage of his better 
quanuty-change figures. The comment above covers Harberger’s use of linear equations 
M such, as well as whatever “mconststency" may be involved in applying linear assump- 
tioni to large changes. We take this opportunity also lo comment on another pomi that 
Shoven has made, to the effect that, for Harberger’s procedure to be valid, “the labor 
“Ifecadoo nnm be to be uiudtered, or the marginal product of capital must be 

•*ken as independent of the of labor employed in each sector Without either of 
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the algorithmic data, would come closer yet—$1,644 billion—to the 
$1.67 bilkon mark. 

It IS not our purpose, however, to quibble about details. In particular, 
we are confident that there will be times when a geometric m-an of 
prices will prove more accurate than an anthmetic mean. Our conclusion 
from the exercise above is simply that all three figures, $1 49 bilhon 
(Shoven’s geometric mean, using algorithmic AX,), $1 644 billion (anth¬ 
metic mean, using algonthmic AX,), and $1.79 billion (Harberger’s 
method, corrected for both mistakes) come acceptably close to “the truth” 
—far more so than either the $0,943 billion or the $2 34 billion figures 
generated by using one end-point set of prices or the other. 

We reiterate that we have no quarrel with the algorithmic approach as 
such It simply says, “Find the AX, by specifying and solvmg a model 
under alternative assumptions about its parameters ” The only question is 
whether it is worth while to do so if one is in considerable ignorance about 
the basic parameters as such For example, if it takes a lot of work (or 
high-priced computer time) to calculate the algonthmic solution, its 
gp’cater accuracy in drawing the exact AA", implied by a specific set of 
parameters might not be much of a virtue m a situation where we are 
quite uncertain as to whether the key elasticities are —0 5, —1 0, or 
— 1 5. Under such circumstances, the most economical way to proceed 
may be to follow Harbcrger, in acting as if one can use for discrete changes 
a formula that applies strictly only to differentials and accepting the 
(often modest) errors that this pretense might entail 

The truly elegant solution to the problem would be a Divisia index of 
welfare cost, obtained by doing sequential algorithmic solutions in which, 
say, the vector of taxes (or other distortions being analyzed) would be 
moved from zero to their final figure in successive small steps If this 
calculation were performed (following Shoven) on changes in final- 
product quantities, it would entad applying to the successive sets of AA', 
the average of prices at the beginning and end of the step For small steps. 


these condiUoni, the marginal product curves themselves will not be stationary” (p 1264) 
Our response here is, "Perhaps true, in a sense, but surely irrelevant " It is true that, for 
the sectoral marginal product of capital to be treated as a function of the sectoral en¬ 
dowment of capital a/oru, the conditions above apply However, it is not in any sense 
required, for the vahdity of the we^/artloa meajun that the marginal product 

of capital be a function of K, alone Here one is dealing m principle with a reduced 
form, with T as the policy variable The general expression for the welfare cost of a 
single dutorting tax T* on capital in x is 


TihKJdT) dT 


The triangle formulation treats (dK,ldT) as constant over the relevant range, but that 
If the only assumption required. There is no need, in particular, for the marginal product 
of capital to be mdependent of the amount of labor or for the amount of labor in the 
affected activity to be consunt. All this u treated in more detail in Harberger (1964) 
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it would not matter whether one used a geometne or an arithmetic mean 
Indeed, for small enough steps, one could even use “beginning of step” 
or “end of step” values and not worry about taking an average In doing 
so one would be approximating, as closely as one wished, the welfare-cost 
triangles of textbook examples (regardless of whether they are Imear or 
curvilinear) and the line integrals that Hotelling (1938), Harberger 
(1964, 1971), and others have used to represent the welfare costs of a set 
of distortions in a general equilibnum context 


Appendix 

Calculation of Compensations and Equivalent Variations. 

In the two-good case, the demand function 

derives from the CES utility function 

a = Aia^-" + a,l'-'’)-‘'^ (A2) 

where B = -[!/(/» + 0] anda, = fori =^X,Y When p = 0, equauon 

(A2) reduces to the Cobb-Douglas form 


u = 


(A2') 


where «( u the proportion of income / spent on commodity 1 and a, + tc, 1 
The compensating variauon is found by calculating 


= (26I 074)»’°’(37 883)>*»’ 


= 195 623 

using Shoven’s no-tax values of X and Y , . , .u_ 

The level of income necessary to give this level . 

faces dulorted prices (/>, = ^ = PJP, = ') « ^“"<1 by 6ndmg .V and K such 
ssosy 1*93 _ J95 623 and which satisfy the first-order condiuons 10 the 

distorted case, namely, 


“JL 

“r 


8505 F ^ ^ , 

I495Jr Px 


The foregoing solved for AT = 253 689 and F = 44 599 and the 
ofinco^/^ = (l)A'+ (I)F= 298 289 

distorted prices (296 614) from we get the compmsatmg vamtwn as $1.675 biUion. 

The equivalent vanauon is found by calculating 


= {252 265) »»®*{44 349) 


1493 


. 194 525 
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Jf and Ksuch that 194.525 - jf isosy ‘aps 


Ux 

u. 


■8505y 

.1495J!r 


£s 

Pr 


.8254, 


where the latter is the first-order condition at undistorted prices. We find 
JC = 259.6082 and K « 37 6705 and can calculate 

Ir - .96626Jf + 1 17068^ 


= 294 949 


Subtracting /j- from actual national income at undistorted equilibrium (296.614), 
we get the eguivalmt vanatum as $1 665 billion. 
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Optimum Replacement of Capital Goods 
with Labor-saving Technical Progress: 

A Comparison of the Early New England 
and British Textile Firm 

Peter L. Swan 
Australian National Unwersify 


In a recent arUcle in this Journal, Williamson (1971) tried to capture the 
essence of Habakkuk’s (1962) characterization of Anglo-Amcncan 
differences in replacement and scrapping policy in the 1820s as a response 
to different wage rates and rates of labor-saving techmcal change 
Habakkuk (1%2, p 59) argued that “in so far as technical progress took 
the form of mvenung machines which saved labour, but with some mc n-g^ 
(or at least no demonstrable saving) in capital cost it might pay the 
Americans to scrap when it did not pay the English ” The greater readiness 
to scrap in the Umted States was attributed by Habakkuk to the higher 
relative wage m Amenca compared with Great Britain, and this prop¬ 
osition formed the core of his argument Thus it is surprising that 
WiUiamson (1971, p 1327) should conclude that, in his “model of labor 
saving (based on Habakkuk’s hypothesis), unskilled wages do not appear 
to influence the replacement decision at all’’’ In fact, Williamson went 
further, to claim that “it appears that Habakkuk’s model is not mtemally 
consistent ’’ The present papier will demonstrate that Habakkuk was nght 
in his conjecture that higher wages would induce more rapid replacement 
and that it is WiUiamson’s, not Habakkuk’s, model which is mtemally 
inconsistent. 

Denslow and Schulze (1974) have piomted out two implicit assumptions 
made by WiUiamson (o) the net present value of a machine is indepien- 
dent of the date of its instaUation and hence of the bcst-pracuce technology 
of that date embodied in the machine, and (A) the economic machine life 
IS constant despite the fact that the life must ulumately become mfimte 
Both these assumptions arc inconsistent with the other assumptions made 

I wnh to thank Edward Sirprr for ducusuons which led to ihe wnung of this paper 
Warren H. Hauaman of the University of Rochester developed the initial dynamic 
progranuning approach to problem which formed a basis for ihc soluuon ulUmatcly 
adc^Ud, Peter Hammond of the University of Essex made an important contribution m 
ealahliAtng ^le wieelioH of solubon finallv adopted in Sec 1, i.e , eqq i0“(9), and ob¬ 
taining ill addition the analytical solution for the special case Rick Bellas provided 
invaluable reKarch asnstanoc. ResponsitaUty for any errors rests enureiy with mysdf 

if ^Slkkaf Bamorng, 197t, voi M, no. 6J 
O ■SrlSrHw UaivcnityorChiOHO' All n»tiii rewniTd 
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by Williamson of labor-saving to:hnical advance which reduces the 
requirements of only one factor of production and a constant wage rate. 
Denslow and Schulze (1974) do not attempt to solve correcdy Williamson’s 
original problem but, instead, use the approach adopted in the growth 
hterature on putty-clay models, in which the wage rate is assumed to nse 
by the amount necessary to offset the productivity nse for labor (see, e g, 
Bliss 1968). In Williamson’s (1974) reply to Denslow and Schulze, he 
accepts their correction of misspeciiication (a) and completely ignores 
misspecihcation (b) but claims that his earlier conclusions remain 
basically unchanged (Williamson 1974, p 639). 

The aim of the present paper goes beyond a vindication of Habakkuk’s 
result, to develop a formal model of the optimum scrapping decision due 
to obsolescence when new labor-saving (Harrod-ncutral) techniques must 
be embodied in new equipment and machinery The model developed in 
Section I IS microeconomic and partial cquihbnum in nature, insofar as it 
considers a single 6rm or industry subject to labor-saving technical advance 
facing an exogenously determined (and constant) wage rate and machine 
price. Thus the aim is to solve for the optimum stream of replacement 
decisions on the basis of Williamson’s assumption of a constant wage and 
machine price and at the same time to relax the inconsistent assumpUon 
6 of a constant machine life irrespective of installauon date 

It is shown that the age at replacement of a chain of machines is con¬ 
tinually rising over time and that a nse m the wage rate or fall in machine 
price increases optimum lives An analytical solution to the problem is 
denved for the special case in which the rate of interest equals the rate of 
Harrod-neutral techmeal progress. 

In Section II historical data is used to make quantitative prcdicuons 
of optimum scrapping dates for Amencan and British textile firms on the 
basis of the model Comparisons are made between the actual and 
predicted economic lives for the ninetccnth-ccntury New England textile 
industry Moreover, hght is shed on the reasons for differences m Anglo- 
Amencan firm behavior using 1830 data 

A by-product of these investigations is that few of the theoretical or 
quantitative results obtained by Williamson (1971, 1974) survive close 
examination, and consequently virtually no support is found for his 
contention that it is “remarkable how little the conclusions of the earlier 
argument require revision” (Wilhamson 1974, p. 639). 

I. A Model of Optimum Replacement with Labor-saving 
Technical Chsuige 

Suppose that it is time / 0 and that a machine was last instsdled a) 

time iff < 0. What is the optimum sequence of replacement umes wher 

a) The cost of manning a machine is a b{0)w, when 
b(0) B Z.(0)/A(0) B labor requirements per unit of pro 
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ductive capacity in some initial period t = 0 (where L is the 
number of homogeneous labor inputs and K the number of 
identical machines) and w = the wage rate 

b) The time-stationary price of a new unit of productive 
capacity is p, which is equivalent to the price of a single 
machine If there is technological change in the machine- 
producing industry, then p would be falling over time This 
could be allowed for, but, in keeping with Williamson’s 
analysis, this complication will be neglected 

c) The rate of Harrod-neutral (i e , labor-saving) technological 
change embodied in new machines \s p > 0 

d) The rate of interest is 5 > 0 (assumed constant) 


In an intertempioral context, under the conditions specified, mmi- 
mization of the present value of the cost of producing a unit of output in 
perpetuity represents a necessary condition for the maximization of the 
present value of net receipu (i.e , profits) Thus the cnterion to be em¬ 
ployed in selecting replacement dates, namelv, the minimization of the 
present value of cost outlays, is appropriate regardless of the market 
structure in which the firm is operating ' 

Let /j, ti, , be the times at which new machines are installed 
Then the cost of producing the constant output stream forever is 


dl p€-*" + it 

+ + r jr dt 




For simplicity we define the following new vanabics w = 

ratio of capital rental pavments to wage payments , x, = e '‘'ai, 

£ = bjp, and c = u>''‘{{Cp) — f(ac 

Because /g » fi*cd by history, it is sufficient to choose the variables 

x,(r = 1 to /f) and also R itself, m order to minimize c But 

c = g - r (3) 

r» 1 

r« 1 

‘ If the opbnuim output or capacity needs to ^ ^ un- 

duinvEttment decision may involvx “premature icra^i^, suble demand 

ncemmry eomphedon to the analyn. For a firm or mdusiry lacmg a suble demana 



lagS JOURNAL OF POLinOAL ECONOMY 

The boundary conditions can be established by considering the 
derivative 

^ - (1 + e)xi + exi-‘(l - **_,). (6) 


Now, if i 1, then (d£)/(dxg) > 0 for all atj, > 0, so the optunum 
choice of must be zero, and hence tj, » oo in effect. But -* oo, 
so tn is too large. On the other hand, ifxg.i > 1, the optimum value of 
Xu is positive. Notice that, if Xj, > 1 and if we include an extra replace¬ 
ment and an extra variable then the optimum value of Xj,^i would 
also be finite. So, if x^ > 1, there are too few replacements Therefore, 
we have the following boundary conditions Xj_j > 1, Xj, ^ 1, with 
Xq fixed by history and Xj, + , = 0 * 

The conditions for a minimum present value of costs arc given by 
(dc)l(dx,) = 0, which implies that 


X,_i = 1 + (1 -I- 8 
for r «= 1 to /? — 1 and 


■‘)x, - 


(7) 


**-l — 1 + (1 + 8 *)**> 


( 8 ) 


since Xj, + i = 0 Thus the optimum sequence of replacements can be 
found by solving the difference equation 

x,_i = 1 -(-(1 e-‘)x, - (r = 1 to R), (9) 

subject to the boundary conditions x© given, x„+, = 0, 0 < x^ ^ 1 
This equation can be used to establish that successive machine lives, 
as they are replaced, arc continually rising Let 

x,.,x-‘ = (10) 


where «,_j = t, — is the life of the machine installed at time I,., 
Then equation (9) implies that 

y,.i = x,-‘ + 1 + e"‘ - 8"*^,'* (11) 


curve and costs which either dechne or reniain constant over tune, the auumpuon of no 
decline in capaaty would seem reasonable An assumpUon of constant capacity is madr 
by Williamson (1971) i. 

* The boundary condition implies that the machine installed at time is never rr 
placed, which contradicts assumption i of a constant machine bfe made by WiUiamson 
(1971,1974) Smith (1966, pp. 141-49) has also developed a model of embodied technical 
^ange, in which he also assumes a constant machine hie but recognizes that his approach 
IS only an approximation 
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If J>r~ I “ subtracted from>„ the result u 

Jr - J,-. = e-‘(A7, -yr) (12) 

But x,+i < x„ so x~+‘, - *■' >0 Also, 


Jji - J#t-i = - x^' >0, (13) 

using equaUon (12), since = 0, £ > 0, so that yi‘ -y^-i < 0. 
Therefore, by induction,^, -J,-i > 0, and thus - £<“'-■ > 0 implies 
Uf > Ur-i, which was to be established This result, that economic hves 
are ruing as a result of the embodied technical change, u obvious m the 
case of the last replacement, since jjp -* oo, and therefore Uj, -♦ oo, which 
means that the last machine in the chain is not replaced 

The intuitive explanaUon for this result, that successive machme hves 
are ruing, u simple Physically machines last forever and do not require 
maintenance, so that the only reason for replacing a machme is the saving 
in labor costs that u entailed in using the most techmcally advanced 
machine But, since techmeal advance saves only labor, the savings to be 
obtained with replacement become progressively smaller in relation to the 
fixed capital charge associated with replacement As labor costs become 
negligible m tune, these savings are less than the capital charge, so that 
eventually no replacement is called for 

The comparative dynamics of the model are such that machme lives 
will rue if the price of a machine increases or the wage rate falls To 
establuh thu result, which confirms Habakkuk’s (1962, p 59) intuiuon, 
consider the sign of the total denvaUve of equation (H) with respicct to w. 


dco ' dio 

But yg_^ — Xg' + 1 + e"‘, since = 0, and therefore y^l^ = 
(*a ‘ + I + e“‘)”*i with 

^lili = -E{xi' + 1 + £-')'“"‘^s’w"‘ < 0 (15) 

dm 

Hence (.<fyg-i)l{dm) > 0, and by induction {dy^-i)l{da>) > 0 Therefore 
(‘*‘r-i)/(<fa>) > 0, since (<*!,_,)/(<*V-i) > 0 from equation (10) Con- 
sequendy, the result u proved, since oi = (pS) [fc(0)a] with (ifa)i((<^) > 0 
and {(ko)l[dw) < 0. 

In general, numerical techmqucs afe required to solve the difference 
equation (7); however, some insight into the general solution can be 
obtained by a consideration of the analytical solution to the special case 
when s ■« ftjS ■« 1. The general solution to the difference equation 




I + 2.x, — X,.,! 


( 16 ) 
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x,^a + br + if*. (17) 

Given the boundary conditions Xq + i =0, equation (17) becomes 

Since 0 < Xj, ^ 1, we have 0 < Xoj{R + 1) - i/f S 1, so that 
^R{R + 1) < xo S \{R + l)(7f + 2) or 

g{R) < *0 ^ giR + 1). (19) 

where ^(/i) s \R{R + 1). For a given initial condition x^. the incquahty 
(19) determines the integer R umquely Using equation (18), the ratio 
y, = (*,/*,+ 1 ) can be evaluated, and it is easily confirmed that {dy,)j 
[doi) > 0 and {du,)j{dw) < 0, as must be the case since {du,)l[du>) < 0 
holds in the general case e > 0. 


n. Qusmtitative Analysis of the Early New England and 
British Textile Industry 

In this section, the model developed previously is applied to the nineteenth- 
century New England and Bntish textile industries The data for the 
analysis of the New England cotton texule industry is provided by Sinnott 
(1968, p 136) The labor-capital ratio 6(0) in 1830 was 0 045 operators 
per spindle, and by 1850 the figure had fallen to 0 026, which represents 
an annual average rate of Harrod-neutral technical change n — 0.028 
At the same time, there was a fall in the number of spindle hours, and 
hence labor hours, ^ required per pound of cloth from 44 in 1830 to 32 
in 1850. This change represents a Hicks-ncutral annual avearge rate of 
technical advance of 0.016 in addition to the labor-saving advance, 
about which the present study is concerned * This decline in spindle 
hours required per pound will be neglected in the computation of the 
optimum scrapping dates and machine lives According to Sinnott (1968, 
pp. 140,216), the interest rate 5 = 0 06 remained constant over the period, 
while the (average) price ^ of a new machine fell from $28 to $18,* and 

’ Thu follows because the change in the number of operators per spindle, i c , the 
change m 6(1) between 1830 and 1830, has already been taken account of 

* The neglect of the Hicks-neutral techmcal-changc component of the overall technical 
advance u justified on the grounds that both the original Habakkuk argument and 
Williamson’s model are concerned entirely with pure labor-saving technical advance, so 
that to mtroduce an entirely difierent form of technical change would be a distracuon 
from the major issue „ 

’ McGouldrick (1968, p 240) has estimated machinery costs per spindle for a differrni 
sample of machines. His series shows a decline from $27.97 in 1827 to $19 93 in 1830 
and $11.74 in 1650 Thus McGouldrick’s sample shows a fall which is greater to prtv 
porUonate terms but slightly less in absolute terms between 1830 and 1850 than Sinnoti’s. 
Most of McGouldrick's other dau is not comparable with Sinnott’s and m any case u 
not suitable for use in the model. Thus it was thought better to tiAe all the data from one 
source so as at least to provide a greater chance of internal consistency 
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SsQ^OE OF Economic Live* and Aoe at Replacement 



Sdwott 



Williamson 


Sinnott 

US. 

U K 

US 

UK 

US 

1* 

2t 

3* 

4t 

5* 

et 

7* 

8t 

9* 

lot 

1830 


1830 


1830 


1830 


1850 


1850 

20 

1853 

23 

1858 

28 

1887 

47 

1889 

39 

1880 

30 

1891 

38 

00 

00 

00 

00 

1942 

53 

1936 

136 

00 

00 





2032 

90 

00 

00 







00 

00 


• Dftte of iMtAllAtioo of machioe 
t Age At repUcemnit in yean 


TABLE 2 

Actual Lives (U S ) 


Dates 

Years 

1830-40 

15-20 

1841-80 

20-30 

1881-90 

25-30 

1891-1915 

30-35 


$oua«.e ^SiQoott 1968, p 169 


the annual wage rate rose from $180 lo $197 over the 20-year period 
Since the model (following Williamson) assumes static machine price and 
wage expectations, it is the initial 1830 values which arc relevant for the 
present study These figures imply a value of 1 jo) = 4 83 for the N'ew 
England mdustry in 1830, falling to 4 744 in 1850 
Numerical methods were used to obtain an (approximate) solution to 
the difTerence equation (7) above, b 2 tscd on Sinnott’s 1830 data, and the 
corresponding introduction and replacement dates with machine ages at 
replacement are shown in the first two columns of table 1 These theoretical 
economic lives may be compared with the actual machine lives estimated 
by Sinnott (1968, p 169) presented in table 2 
The theoretical replacement ages usmg 1830 data are remarkably close 
to the actual replacement ages for the sequence of the first two machines 
installed and scrapped. Of course the impbed lives for machmes installed 
in 1880 or subsequently have no basis in reality, but then the assumpUon 
of no physical deterioration must become critical once economic hves 
exceed 30 years. Cknncidentally, the model is actually able to predict 
correedy the historical lengthemng of machme lives without the need to 
reduce the expected rate of Harrod-neutral tcchmcal change. This 
contrasts with the modeb of Smith (1966) and Williamson (1971^. which 
constant machine hves. 

The tnodd was applied to the United Kingdom textile indusuy m order 
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to compare Anglo-American experience in replacement policy. Perhaps 
the most obvious difference between the two countries was the considerably 
lower wage rates paid m the United Kingdom, Rosenberg (1967), for 
example, quotes rates of $1.02 per day for common mule spinners in 
England and $1 08-$1.40 in the Umted States during the 1820s In this 
study, Sinnott’s 1830 data is retained apart from the assumption that the 
wage rate w was 20 percent lower in the United Kingdom, ensuring a 
lower value of l/oi = 3.857 * It would seem reasonable that relatively 
free trade in investment goods such as textile machines would ensure 
fairly similar machine prices and rates of technical advance embodied in 
new machmes between the two countries ’’ Also capital movements 
should have ensured relatively similar interest rates 

The results of the quantitative analysis are shown in columns 3 and 4 
of table 1 Machine lives have increased simply as a result of the lower 
wages of unskilled workers, which is consistent with Habakkuk’s (1962, 
p 56) qualitative evidence. 

Williamson (1971, 1974) earned out a study of the United States and 
United Kingdom industries for the 1830s For the United States, he 
assumed a value* of p/a = 7 44, which is exactly twice the figure of 3 62 
for 1839, based on data and sources which Williamson himself (1971) 
quotes.® Sinnott’s estimate of 3 46 for 1830 (or 3 8 for 1839) compares 
closely with this alternative estimate In fact, the data assumed by 
Williamson seem to be a little unreasonable when compared with the 
histoncal evidence ‘ ® He also assumed a rate of Harrod-ncutral tcchmcaJ 


* It 11 possible that the annual wage differential exceeded 20% if U K labor worked 
fewer hours than its U S. counterpart, which in the I830ls worked 12 hours a day, 6 days 
a week, according to Sinnott (1968, pp ISO, 136) Nonetheless, the approprute com¬ 
parison should be between the hourly or daily rates, since these best reflect the difference 
between the cost of labor services in the two countries 

I would not wish to defend too strongly the hypothesis that there was equalization of 
machine prices between the Umted Kingdom and the Umted States prior to the lifting 
of a partial ban on exports of machmes from the United Kingdom to the United States 
in 1M3 However, the case for equalization u argued strongly by Williamson (1971, 
p 1329), and it is the assumption he makes throughout his analysis 

• This figure is obtained indirectly for pja {K\X)*lz^ w [{pK)j[PX)]l[[u>L)l{PX)], 
where (if/Jf)* = the capital-output rauo in value terms, •« labor's share, jf « output 
of cloth in yards, and P » price of cloth per yard (in dollars) {XIX)*I*l u assumed to 
be equal to 3 0 (Williamson 1971, p 1328), and ai. anumed to be equal to 0 403 
(Wilhamson 1974, p 639). No evidence is preKnted in support of these assumpuons 

*For 1839, p^ $13 61, $0 1175 (McGouldrick 1968, pp 240, 145), and 

XIK w 224 (actually for Massachusetts in 1837 and quoted by Williamson [1971, 
p 1323]), so that (X/Jf)* v 0,5171. Also wL w $0.0166 per yard (McGouldrick 1968, 
p 147), and, using P, at = wLjPX — 0 143, so that p/a — wtipK « 3.62 

"’Williamson’s re^ts (1971) are based on (KjX)* w’^SO, which is over 600"„ 
higher than the corresponding figure based on his sources of 0 5171 Even if (KjX)* wai 
supposed to be in terms of value added, the actual figure rises to only 0.75 (value added 
per yard >■ $00806 [McGouldrick 19^, p 145]). Moreover, the l^toncally observed 
value of at is 0.143 from Williamson’s souces,r w^e Williamson’s figure is nearly 300% 
greater. In value-added terms, the discrepancy is smaller, since at rises to 0.208 
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advance fi * 0.05, ’ which is also about twice Smnott’s estimate, and an 
interest rate ^ = 0 08 For the United Kingdom, he assumed a lower 
value of fi, 0 02, and an interest rate i = 0 05, while remaining data was 
the same as for the United States C^olumns 5-8 of table 1 show the 
replacement sequences and economic lives based on Williamson’s assump- 
Oons, Lives of 28 and 47 years, respectively, for the United States and 
Umted Kmgdom for the first machine in the chain compare with 
Williamsons (1971, p 1329, 1974, p 639) results of constant lives of 
17 and 23, respectively Note that, even setting aside the questionable 
nature of Williamson’s data and adopting his own data, there is still a 
considerable discrepancy between the resulu obtained here and his 
earlier 1971 results This is due to the contradictory nature of the assump¬ 
tions embedded in his model Consequently, no support is found for his 
(1974) contenuon that his conclusions require little revision once his 
errors are corrected 

The final empirical study shows the changes which took place between 
1830 and 1850 in the New England textile industry Sinnott’s (1968, 
p 136) data indicate that by 1850 l/<o had fallen to 4 744 The most 
drastic change was a fall in the rate of Harrod-neutral change to less 
than 1 percent over the next 20 years However, a value of u = 0 01 is 
assumed for the purposes of the analysis The results are shown in columns 
9 and 10 of table 1 

This sequence of machine fives brings out some weaknesses of the model 
in a period of slow technical advance Obsolescence is the only explanauon 
for scrapping in the model, and hence machine lives become considerable 
in such circumstances A more realistic but complex model would take 
account of repair costs rising with age and phvsical detenorauon IniUal 
machine costs and hence price might also vary with the techmeal dur- 
abihty built into the machine 

Williamson (1971, pp 1328-32) devotes a great deal of attention to the 
proposition that U S tariffs on consumption goods which raised the 
price of textiles in the United States relative to the United Kingdom 
would shorten the economic fives of U S equipment Insofar as relauvc 
factor prices between the two countries are unaltered by the tanff,' ^ 
this proposition is false Replacement dates and economic fives are purely 

GomcidcntaUy, WiUiamaon’s assumed value for it is not all that much greater than 
the sum of Sinnott’s labor-saving advance of 2 8°o plus the Hicks-neuual advance of 
1 6%, so that the main difference betvveen Smnoti and Wilhanison would seem to be m 
WiUianuon’t neglect of the Hicks-neutral component, which should have been subtracted 
from the 5% figure 

WiUiainson (1974, p 639) does in fact raise the possibilit> that lanfh might have 
had Mine effect on wages in the United Sutes However, ihu possibility seems to be 
by the general equihbnum model of Pope (1972, p 413), who found that the 
return to labor never altoed by more than 0 5”o m an^ of the simulaUom of tanff 
'fiwigei. In WiOianuon (1971), the effect of the unff on machine lives udue enurdy to 
*he nse in price of texUla, with no mention of anv effect on wages 
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the result of cost-minimizing behavior. In the absence of any scale effects,* * 
product price has no bearing on replacement pohcy, as long as the capacity 
IS required. This is not to imply that product price which influences the 
scale of the industry has no effect on decisions to tnstall new equipment 
There is no logical connection between a decision to install a new machme 
and to scrap or replace an old one A failure to scrap at the time a new 
machine is introduced implies no more than an increase in productive 
capacity. 

A related objection can be raised to Temin’s (1966) thesis that the 
dechne in the British steel industry from the 1880s to World War I was 
due to a slow growth in the domestic market At the same time, the 
restrictive tariff pohcies in the United States and Germany enabled these 
countries to obtain a younger and technologically superior capital stock 
by ensuring a rapid growth in the domestic market of these countries 
Temm concludes that, as a consequence, these countries were eventually 
able to gain a cost advantage over Great Britain in world markets * * 

While it IS undoubtedly true that a rapid growth in productive capacity 
implies that the average machine age will be lower and, consequendy, the 
capital stock will be biased toward more modern technology, it does not 
follow as a point of logic that such a bias gives any advantage in world 
markets Temin’s thesis not only confuses average costs over the entire 
capital stock with marginal costs, which are the only relevant costs, but 
also has the peculiar implication that a firm is worse off because it is in 
an old, slow-growing industry and inherits a plant from the past, while a 
firm in a newer industry is better off because it has no (or few) plants 
from the past to inherit' 

The relevant cost to a producer participating in any market is not 
some accounting measure of average costs of production taken over hu 
entire capital stock but, rather, his marginal production costs represented 
by unit production costs with the latest and most superior technology 
The capital value of machines which are still economic and hence rc 
tamed in use but embody obsolete technology will be wntten down ir 
value to accord with the changed circumstances Only operating costs oi 
an installed machme with negligible scrap value are relevant for a 
continued operation. It is this factor which enables such machines ti 
compete on more equal terms with machmes embodying the latcs 
technology which have a rental or capital cost component as well as a 
operating cost component 

By “scale effects” are meant economies or diseconomies of scale which are exclude 
by assumpuon * 

“McCloikcy (1973, pp. 11, 105-13) has succeafuUy argued that the empiric 
magnitude of this s»«ailed cost advantage was IniignilicaDt in the case of the Briusb itc 
industry. However, in view of my subsequent argument, it would seem that the rebuii 
is superfluous in any case, as long as British entrepreneurs did not fall mto the trap 
basing marginal decisions on tmtntgt costs 
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In conclusion, thu study has given at least some credence to Habakkuk’s 
(1962) implicit model, which explains differences in observed replacement 
policy between the Umted States and the United Kingdom m terms of a 
difference in wage rates At the same time, it has shown how incon¬ 
sistencies in Williamson’s 1971 and 1974 models have given nse to a 
number of faulty predictions concerning Anglo-American differences in 
replacement policies A consistent solution to the problem posed by 
Williamson and other authors has been forthcoming Finally, a closely 
related thesis put forward by Temin has been shown to have no foundation 
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Some More Problems with Income- 
contingent Loans: The Case of 
Medical Education 

Roger Feldman 

UtuBtrn^ of North Carolina at Chapel Hill 


In a recent article in this Journal, Ncrlove (1975) notes that income- 
contii^ent loans for financing higher education may affect the borrower’s 
income profile This is true both ex ante and ex post ex ante, because 
“adverse selection” loads the plan with poor insurance risks, ex post, 
because the “moral hazard” of repayments alters the borrower’s choice 
between income and leisure Ncrlove regrets that “unfortunately there 
is very litde empirical evidence on these profiles and effects” In this 
comment I will present evidence on the moral hazard created by income- 
contingent loans for financing medical education * 

Awareness that medicine is a secure and remunerative career, coupled 
with nsmg costs and tight public budgets, has fostered proposals for 
placing more of the burden on the student.^ It is argued that the obhgation 
should be financed by income-contmgent loans because of moral hazard 
By taking income^ the plan changes the earmngs profiles of alternative 
medical specialties to favor the low-mcome pnmary care fields ChaUoner 
(1974) considers this a positive feature of the plan “As a result of the 
pooled nsk or insurance principle, no borrower would have to worry about 
a large debt that he could not rcpiay Thus, his decision for a higher or 
lower paying professional activity need not be colored by the specter of a 
large conventional debt, soon to be repaid This scheme could have 
important cfTects on specialty distnbuuon ” Since federal policy en¬ 
courages training more pnmary care physicians (Kennedy 1974), incomc- 

* Advene selection can be ignored if the ttudent pa>s liieJoU cost of education Full 
coit, or average annual coat per itudent, was esumaied by Hanft ct al (1974) at $12,650 
in 1972—73, Few students could finance this large obligation for 4 years without the loan, 
lo adverse selecuon is elifiiinati«d , and I concentrate on the prohiem of moral hazard 

* The state of New Jersey is oonndenrig a tuition increase at the College of Medicine 
and Dentistry &om $1,750 to $5,000 per year 

* “Taxing income'’ and “tax rate" only suggest the analogy to the federal income tax 

The loan repayment rate would not be added onto the federal rate. But neither should 
repayments be front taxaUe income A deduction u a subsidy and defeau the 

full cost toan concept. 

jffWiMSt Ifrsiwii, l»76,v«l. M. BOu 61 
O 1976 by Ttas Uahsoilr sTdlcaeo. All riahts ieser »rd 
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contingent loans may have beneficial side effects by favoring these 
low-income specialties. 

However, income-contingent loans change the income-leisure trade-off 
for all physicians. A plan which uses a flat repayment rate will reduce 
weeks worked if individual supply curves of labor slope upward. A plan 
which creates a progressive tax by exempting some income from taxation 
must levy a higher rate on taxable income to raise as much revenue as 
the flat rate version.^ Weeks worked will fall more under this second plan 

Reducing physicians’ weeks of work is undesirable because a given 
number of physicians produces fewer services. Therefore, we have a 
classic economic problem: income-contingent loans may encourage mon 
primary care physicians, but only at the cost of reducing total physicians 
services Can the size of this trade-off be estimated before an actual plai 
IS adopted? I argue that it can and offer the following evidence. 

From a national survey^ of individual physicians (American Medics 
Association 1970) 1 calculated the average yearly net pracUce incom 
for eight specialties * Few physicians were surveyed at some ages in sorr 
specialties, so there was considerable sampling vanauon. I smoothed tl 
income series by fitting fourth-degree polynomials in age with ordinal 
least squares regressions. Pretax present value of income for scvi 
specialties relative to general practice was computed from the adjust' 
data. 

Next, consider the full cost of medical school The student loan 
$12,650 interest free per year would owe $50,600 after 4 years (assumi 
no repayments during school) But an interest-free loan subsidizes ' 
student, because the plan itself must borrow funds Assume that the p 
borrows at 10 percent interest and passes these costs on to the stude 
who owes principal and interest of $64,579 after 4 years ’ For the p 
to break even it must collect revenue with present value of $64,579 fr 
the average graduate. 

First, 1 examine a plan which levies a flat repayment rate on all fui 
practice income Using the income data and the proportion of 
physicians going into each specialty (American Medical Associa 
1971), I created a hypothetical average physician. Different rates apf 
against his income created profiles of repayments. Discounting t 

* Strauss (1970) proposed this plan 

* Qpestioniiaires (with six follow-ups) were mailed to a national probabihty sani 

physicians straufied by practice type QiiesUons pertained to the year 1970 The c 
response rate of 57 percent produixd a data baM of 5,084 physician records, bu 
responses eliminated 2,174 * 

* General practice (GP), internal medicine, pediatrics, other medical spe 
feneral surgery, obstetrics and fynecolofy (OBG), other surgi^ specialty, othersp( 

’’ Although 10 percent u a reasonable interest rate for 1976, future credit 1 
conditions will change the present vsdue of the loan. The present value can be hr 
stant by using variable interest rates to compute repayments. 
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TABLE I 

EmcT or 20% iNCOME-rarmNCENT Tax on Pruent Value or Income 
AT 6% AND 10% Discount Rates 
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Present Value of Incosie ($) Relative 
TO General Practitionek 

'T, ---— Change in 

L^urrtnl Incomr-conlingent Present Value 

Specialty Financing Loan pi^n Income 


6 % 

10 % 

6 % 

10 % 

6 % 

10 % 


Internal med 

-48,361 

-63,730 

-38,703 

-50,988 

9,658 

12,742 

Pedui tries 

-95,494 

-91,014 

-76,393 

-72,810 

19,101 

18(204 

Other med 

-63,148 

-73,401 

-95,809 

-84,638 

-32,661 

-11(237 

Gen surgery 

26,510 

-29,015 

21,209 

-23,211 

-5,301 

5(804 

Other surgery 

78,081 

9,066 

62,466 

7,254 

-15,615 

-1,812 

OBG 

32,669 

-12,969 

26,135 

-10,375 

-6,534 

2(594 

Other 

-5,813 

- 39,724 

-4,649 

-31,779 

1,164 

7,945 


SouRCU —PhyiuriAm' incoma from Anuricui MkIk. 1 AMoci«lion 0970,, full con of rntdicAl cducalioo, 
used to compute presenl values under iruome-coniinEent loan plan, from Hanfl el al (1974J 


profiles back to the end of medical school at 10 percent, I found that the 
plan could break even at repayment rate of 20 percent 

I applied the break-even rate to income profiles of each specialty and 
recomputed present values of income, and the changes in present values, 
caused by the plan The changes in present values were multiplied by 
Sloan’s (1970) estimate of specialty choice* to find the change m residents 
choosing each specialty Dividing this number by the average length of 
residency* produced the change in the net flow of physicians per year 

Results arc shown in tables 1 and 2 In table I discount rates of 6 and 
10 percent illustrate how the results change under diflferent assumpuons, 
in table 2 only the 10 picreent rate is used to calculate the effect on 
specialty choice. 

In table 1 the present value of income for six sjjccialues is negative at 
the discount rate of 10 percent Specialists do not earn extraordinary 
mcomes relative to GPs 

At a 6 percent discount rate the three surgical specialues (general, other 
and OBG) become less attractive relauve to general practice, the two 
low-income primary care specialues (internal medicine and pediatrics) 
are more attracuve At a 10 percent discount rate the change in present 
value becomes positive for general suigcry and OBG Therefore, predic¬ 
tions in table 2 depend crucially on the choice of a discount rate This is a 

* Sloan (bund aimaU butngnificanUy pontive reUuon betwten the number of rejidcnn 
c ho i mn g eneh specialty and the present values of income 

* I assume a 1-year uitemihip ui general pracuce followed by a 3-ycar residency in all 
S> eei al ri es. Tliia was appraainaldy correct in 1970, but recent changes ( espeosl ly the 
developiaeBt of 2-year reudeoaet in bmiiy practice) suggest caution in intctpicting my 
esti m a t es. 
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TABtE 2 


Effeot of 20% iNOOKB-aoNTiNaBNT Tax on Spkoialty Ofoiax 


Specialty 

Change in 
Retioents 

Change in 
New Physicians 
per Year 

New Physicians 
per Year 
Current 
Financing 

% Change 
New Physicuns 
per Year 

Internal med. 

96 

32 

2,074 

1 5 

Pediatrics 

137 

46 

640 

72 

Other med 

-84 

-28 

267 

-10 5 

Gen surgery 

44 

15 

1,472 

1.0 

Other surgery 

-14 

-5 

1,962 

-0 03 

OBG .. 

19 

6 

517 

1 2 

Other .. . 

60 

20 

3,220 

06 

Gen. practice 


-86 

828 

-104 


SouiiOBi—New phyiicieni per year, current finukcing, from American Medical AMOciation (1971;, 
•pectalty choice coenicienU from Sloan 0^70) 


common problem with empirical studies of behavior over time One 
solution IS to use the market rate of interest, and 10 percent is a reasonable 
estimate in a period of high interest rates. 

The first dimension of moral hazard is the effect on specialty choice 
Other medical specialties show the largest change, minus 10 percent, 
but general surgery, other surgery, OBG, and other specialties all change 
by less than 2 percent The sum of the changes in seven specialues musi 
equal the change in general practitioners, because the plan docs no 
increase the number of medical school graduates. Eighty-six fewe 
physicians will choose general practice. The number of GPs and primar 
care specialists falls by eight Therefore, the plan will not mfiucnc 
specialty choice toward pohey goals Changes will be small, and the 
may be unexpected. 

The second dimension of moral hazard is the change in physician 
work effort The effect of a 20 percent income-contingent tax on woi 
effort depends on the supply response of physicians to lower wage 
Studies of physicians’ work efibrt show a small negative response whi 
wages and work are measured by the week (Sloan 1973, 1974, 197f 
Supply elasticities range from about 0.03 to 0 25. For a representati 
estimate of 0 10, the supply elasticity is (dwceks/wceks)/(dwagc/wagc) 
0.10 Under this plan dwage/wage = — 0 20, so dwccks/wceks =» —0( 
Of the estimated 10,980 new physicians in 1970 who were graduates 
U.S. and Canadian medical schoob (American Medical Associat 
1971), the loss is 220 physicians—the classes of two average-size school' 

Several qualifications are necessary If the plan grSally alters specialty choice, 
break-even repayment rate will change. The rate rises if fewer physicians choose li 
income ^ledalties. Income in these now-scarce specialties would probably nse, ofbci 
the initial specialty change and damping the increase in the repayment rate If all p' 
dans work less, the rate also rises. In this study first round changes were small enou) 
make an iterative solution unnecessary 
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table 3 

Bmct or ExmrnoN and 34% Income conttooent Tax on Preient 
Value or Inooue at 6% and 10% Discount Rates 


Present Value or Income ($) Relative 
TO General Practitioner 

~ ——-—-Change in 

Uurrcfit Income-contingent Present Value 

Spboulty Financing Loan Plan or Income 


6 % 

10 % 

6 % 

10 % 

6 % 

10 % 


Internal med. 

-48,361 

-63,730 

-29,074 

-42,252 

19,287 

21,478 

Pedutrics 

-95,494 

-91,014 

-60,170 

-60,257 

35,324 

30)757 

Other med. 

-63,148 

-73,401 

-38,824 

-48,633 

24,324 

24)768 

Gen. iurgery . 

26,510 

-29,015 

20,353 

-19,337 

-6,157 

9,678 

Other nirgery 

78,081 

9,066 

54,389 

5,797 

-23,692 

-3,269 

OBG 

32,669 

-12,969 

24,417 

-8,747 

-8,252 

4,222 

Other 

-5,813 

-39,724 

-982 

-26,405 

4,831 

13.319 

Sointcft —Exempt tocome, from L S 

Bureau of the Cenaus (1973, fable 240 ) 




TABLE 4 

ErrECT or Exemption and 34% Income-conttngent Tax on 
Specialty Choice 


New Physicians 


Specialty 

Change in 
Residents 

Change m 

New Physicians 
per Year 

per Year, 
Cur rent 
Financing 

“o Change 
New Phvsicians 
per Year 

Internal med 

161 

54 

2,074 

26 

Pediatrics 

231 

77 

640 

120 

Other med 

185 

62 

267 

23 2 

Gen surgery 

73 

24 

1,472 

1 6 

Other surgery 

-25 

-8 

1,962 

-04 

OBG 

32 

11 

517 

2 1 

Other 

100 

33 

3,220 

1 0 

Gen practice 


-253 

828 

-306 


The second plan exempts part of phj'sicians’ income from taxation. 1 
created an experimental incomc-coniingcni tax base by subtracting cam- 
mgs of male college graduates (U S Bureau of the Census 1973, table 249) 
from physicians’ income by age On the nciA base I calculated a break¬ 
even repayment rate of 0.34 Since some income is exempt, the rest must 
be taxed heavily 

Tables 3 and 4 show how this plan changes sjiccialty choice Table 3 
resembles table 1. At a 6 percent discount rate primary care specialties 
become more attractive and surgical specialties less attractive relative to 
general prsxtice. At 10 percent discount the change in present value of 
income reverses sign for general surgery and OBG For all medical 
specialists the progressive tax plan makes a large positive difference m 
present value of income. 
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This plan cfTectively influences physicians to choose pediatncs, other 
medicine, and, to a lesser extent, internal medicine. However, the mcreases 
come mainly from general practitioners, since surgical and other speciahsts 
are not greatly aflected. General practitioners lose 253 and all primary 
care physicians arc down 122. This plan, like the first one, mainly causes 
substitution within the pnmary care group 

The exemption may cause this unexpected result. During the first few 
years of practice GPs earn large incomes while residents earn about as 
much as college graduates. Therefore, GPs are taxed while residents 
escape taxes. Since the discounting process strikes heavily at income 
earned in the near future, GPs may lose even though the specialists will 
be taxed in the far future. 

Last, we find the effect of this plan on physicians’ work effort. If the 
Supply elasticity is 0 10, a 0.34 repayment rate will reduce work effort by 
0.034. But the exemption also creates a pure income effect which can be 
evaluated by the following analysis. Net income equals gross income 
minus taxes, or F — r(F — E), where F is gross income, r is the 0 34 
repayment rate, and E is the exempted income of an average male college 
graduate ($13,509 in 1970) Net income is $4,593 when F is zero 
Estimates of the income elasticity of supply, (dweeks/weeks)/(dincome/ 
mcome), vary from about —0 03 to —06 Choose a point estimate of 
— 0.3. The average physician on the AMA survey earned $43,412 in 1970 
Therefore, the income effect would reduce work effort by dweeks/wceks = 
-0 3($4,593/$43,4l2) » -0 032 

The disincentives caused by the repayment rate and the exemption 
are approximately equal. Altogether work falb by 6 6 percent The loss 
IS 725 new physicians per year, three times the loss from the first plan 

Both plans transfer the cost of medical education to the student My 
findings show that neither plan encourages more physicians to choose 
primary care. Income-contingent loans, therefore, cannot satisfy two 
goab. Both plans also penalize work eflbrt by taxing income The draw¬ 
back b about three times as senous under the progressive tax plan This 
evidence favors a flat repayment rate. 
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Policy Implication of Full-Loss-Offset Capital 
Gains Tax on Forward Contracts: 

A Note on Leland's "Optimal Forward 
Exchange Positions" 

Dan Galai 

Tht Hebrew Umvera^, Jerusalem 


In his paper “Optimal Forward Exchange Posiuons,” Leland arrives at 
the following policy implication “If the government wishes to encourage 
speculative trading, it should consider the impiosition of a high tax with 
full loss offset” (1971, p 262) His basic assumption is that no initial 
commitment of resources is needed in order to purchase a forward 
exchange contract Other assumptions arc that traders, who are risk 
averters, act to maximize their expected utility of terminal wealth and 
are price takers in spot or forward exchange markets 

In this note it is shown that, in the case of forward contracts for foreign 
currencies, where investors arc allowed to buy and sell (even short) the 
underlying currencies, Leland’s policy implication can be apphed for a 
special case only. Moreover, the economic motivation for encouraging 
trading in speculative trading is absent 


1 

The problem of a single exchange market with no alternative nsky asset 
(model I in Leland’s paper) may be stated as 

maximize £{t/{(l + r)Bo + r,x,]}, (1) 

where U is the utility flincuon, E is the expected \alue operator, is 
the initial wealth of the investor, e, is the profit (or loss) per unit of 
currency (or commodity) contracted (i e, c, equaJs the spot unit price 
of the currency at maturity Sy minus ns exercise pnee or forward rate F), 


*Die fint draft of this note was wniten while I was a Iceiurrr ai the Unornity of 
C h ica g o Graduate School of Buunnt I would like to ihanlc F Black, J Frenkel, J P 
Gould, and H. who commented on an rarlirr \TTsjon of the note All remaining 

erron are inisie. 
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and *, is the number of units of the currency. (The title denotes a random 
variable) 

If X* IS the solution to (1), then the solution to a similar problem, with 
a proportional change A in will be xf* « x?/A (Leland 1971, p. 261, 
eq. [16]) Therefore, when 0 < A < 1, xf* > x*; that is, the number of 
units of the contracted commodity will increase if a proportional reduction 
of profits is expected This result, according to Leland, “ ... holds when 
there arc multiple exchange markets and other risky assets. Furthermore, 
by selective taxation the government may affect certain markets while 
leaving others totally unaffected” (p 262) 

Allowing for multiple forward exchange markets and other nsky assets 
(Leland’s model III, p 267, equation [34]), the problem is 

maximize £{C/[(1 + r)£g + e,x, + (ij — r^j)'x 2 ]}, (2) 

where and Xj are vectors of investment in forward (or futures) con¬ 
tracts and in risky assets, respectively, is the vector of prices of risky 
assets, and e, and Sj are random vectors of net return per unit of invest¬ 
ment in forward (futures) contracts and risky assets, respectively 
Imposing a capital gams tax, with full loss offset, of (1 — A',) on profit rj 
from the ith contract, ” the new opumal solution is the former one 
divided by A',”(1971, p 267) 

Nevertheless, the total demand for “speculation” will not change in 
the case that full-loss-offset tax 1 $ imposed on the forward contract, and 
Lcland’s claim about encouragement of speculative trading by imposing 
the tax IS void in that respect The mere fact that the number of contracts 
may have increased has no economic content per sc 

Under an assumption of zero transaction costs, the contract is a zero- 
sum game If a full-loss-offset tax of 50 percent on profits from forward 
contracts is impioscd on buyers and sellers, then every contract can be 
converted to one that specifics twice as many units of currency as before 
This will leave everyone in the same position as before The government, 
which shares in profits and losses of both parties, will have zero net 
revenues from the tax. Because no initial outlay is required for trading 
forward contracts, there is no income effect from the tax ‘ The buyers 
and sellers will maintain the same expected i eturn and risk, and forward 
prices will remain unchanged 

The analysis docs not show how a country can profit from increasing 
the number of contracts to deliver foreign currency at maturity Actua 
delivery of the foreign currency is not needed, as positions can be closet 
by the traders at maturity by offsetting transactions. If the seller of thi 

' Miisgtave (1959, chap 14) analyzed the case of a full-toas-of&et tax on capita 
invesunenti. He claimed the tax to have no lubiutution effect, only an income eifre 
(p. 321). The investment he considered requires an imtial outlay of resources; howevn 
be not^ that “gambling gains may be taiuNl and r^fiaids dualUwfd, if gambling is to fa 
discouraged” (p. 320, emphasis adiled} 
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forward currency wanto to hold a (partially) covered position, then this 
should be incorporated into the model 

In the next section, I describe the equilibrium relationship between 
the forward and spot prices of the currency and incorporate both forward 
and spot positions into the model It will abo be shown that Leland’s 
result is a special case that will not hold if the tax on spot positions is 
different from the tax imposed on the interest rate 

n 

For forward contracts, it has been shown^ that, in equihbrium, F = 
■Se[(l + r)/(l + ty)], where F is the forward rate (1 e , the future price 
in domestic currency of a unit of foreign currency to be dehvcrcd at a 
predetermined date), So is the spot price of the foreign currency, and 
r and ry are the interest rates in the domestic and foreign country, 
respectively If F > ‘S'o[(l + r)/(l + ry}], then the investor can earn 
arbitrage profits He'will borrow io/(l + r^) dollars and will promise 
to pay back [Sol{l + ry)](l -I- r) at lime T With Sold + fy) dollars, he 
can buy 1/(1 + ty) uruts of the foreign currency (say, pounds sterling) 
which can be invested to earn [1/(1 + ry}](l + ry) = £\ at time T 
He will also sell a forward contract promising him F dollars for £1 he 
must dcUver at time T At time T, the investor will have £1, which he 
will have to deliver to cover his forward position While he is fullv covered 
m his foreign-currency obligations, h< will have a dollar gam, as he 
receives F dollars while he owes only So[(! + r)/(l + ry)] < F This 
situation cannot continue, and the price of the forward contract will tend 
to go down or that of spwt currency to go up Allowing for short sale 
of the foreign currency will cause the elimination of a possibility for 
F < ^©[(l -H r)/(l + ty)] Thus an investor can either but a forward 
contract or, equivalently, create on his own account by borrowing 
5o/(l + ry) (costing him (5o/(l + ry;]r) and busing the foreign currency 
in the spot market. By the latter method, he has the same risk as the 
forward buyer, expects the same return, and in equilibrium it will cost 
him the same 

m 

To illustrate my argument, consider the simple case of one foreign 
currency (pounds sterling) and a forward contract for the same currency 
In this case, the investor's problem (after imposing the taxon profits from 
forward trading) is to 

maximae £^C/|(1 + t)B^ + 

* See, e^f., Grubel (1966, p 5). Stoll (19061. or FrrnWel and Leoch (1975) 
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In equilibrium, F = 5»[(1 + r)/(l + r,)]; therefore 


= J, - F - 

(1+V) 


(I + V) 


So 

"(I + V)’ 


(4) 


where ■?, is the stochastic future spot price of the currency. But 
Si - [Sol(l + fy)]; thus ?, =• ?2 - '■[^9/(1 + >'/)]. and (3) 
becomes 


~ (1 + r ) ] 

Expression (5) has the same solution as Leland’s imtiai problem; therefore 
the opumal solution to (5)—(A,x, 4- * 2 )*—^"'Jl be equal to of (1) 
Increasing Xj by l/Aj is a valid and straightforward solution ^ 

The solutions to (1) or (x, + * 2 )* tn (5), when A = 1, or 
(AjX, + * 2 )* to (5) (0 < Aj < 1), are equal and therefore give the same 
optimal holding of a “nsky-asset portfolio,” either in its futures form or 
the equivalent, “self-made” forward contract Because of the way the 
problems were structured, one cannot decompose (x, + Xj)* or 
(A,Xj + Xj)* to their “optimal” components for an individual, and any 
combination of Xj and Xj which satisfies the optimal solution can be 
accepted * 

Clearing of the market can be achieved, again, by increasing the 
number of contracts by 1/A But note that the aggregate position in the 
spot market is unchanged Therefore total demand for “speculation” is 
unchanged, and no pressures on So or F are expected. 

Problem (3) is a special case (Aj =» 1) of the following problem, for 
which Leland’s policy implications do apply.’ 

maximize £^f/|(l + /Ijr/Fo + + A2|^?2 - —J X2|^ ( 6 ) 

= + A2r)Bo + - (TT^] 


9 An individuat, si s price taker, can sdluil hu ponuon by increasing Xj Hence 
increasing x, by 1/A, is not a unique soluuon ibr an in^vidual. However, for the market 
as a whole, increasuig ]L'I -1 'it by 1/A, will clear the market 

* It IS assumed that the tax is imposed on buyers and selteis, if it is imposed on buyers 
only, then the selleii quite probably will have a more risky posiuon, while the government 
wtU hold the balance of t^ risky aaet (i.c., its right to [1 — A] of buyers' teahsauon) 

* Leland docs nor assume in any of hu models the exuieltce of a tax on interest rate 
(payment or receipu). Here I show the class of cases to which bis conclusions will apply, 
and it requires that the same tax (or no lax at all—as a psvate case) be imposed on 
interest rate as on the commodity. In order to be consistent, we must compare cases with 
the same tax (orno tax at ail) on intoest rate; the only variables we wiU control are 
the tax rate on profits (tosses) from frsrward and spot currency. 
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Here, a tax (with full-lo*s-offset) of (1 - is imposed on the interest 
rate and (the same tax) on the return rj from the underlying commodity 
The original problem, (1), is a special case of (6), where A, = = 1 

Comparing the solution to (6') (ic, [A,*, + A^Xj]*) with that of a 
similar problem but with Ai = 1 (with a solution [x, + Ajx^]*), we can 
conclude that the demand for Xj and)or x j will increase, increasing x^ 
by l/A] IS, again, a valid solution 

IV 

Now assume that a tax with full loss offset is imposed on all nsky assets, 
so that A( = A 2 = A(0<A< 1), then the problem becomes 

maximize £'^t/|(l + r)i5o + Ae,x^ + j^Afj - 

(7') 

By buying an addiuonat unit of contract, the investor has a nght to 
Xli = A{/j - ((r5o)/(l + at maturity, by creating the “self-made” 
contract, his claim “at maturity” is to /e^ - [(r5'o}/(l -f- r^)] only. 
Note that no tax is imposed directly on the interest rate, but actually it is 
imposed on the implicit borrowing when buying futures, = 

“ [(^•So)/(* + '■/)]) = ''•^1 - + ffj] Therefore buying 

a forward contract becomes relatively cheaper than creaung the same 
position on one’s own account* (where one has to pav the full interest 
rate), that IS, A?, = Af^ - A[(r5o)/(l + r^)] > >*2 - [(t-So)/(l + r/)] 
Rational investors will buy a contract and at the same time will go 
short on the currency and lend the proceeds from the sale Such a com¬ 
bination has a fixed, nsklcss yield per umt of the underlying commodity, 
which is not a function of the foreign currency's price at matunty Net 
return on a umt of a contract IS Af, = A{rj - [{r5o)/(l + r^)]}, the net 
return on a short posiUon m currency is -/r^, and lending S^Kl r^) 
will yield (r5o)/(l + Tj) Thus the total return on one unit of portfolio is 
- UrSo)l{\ -»- Tf)]} - AA, + [(rSo)'(l + ^/)] = ffr^o)/(‘ + V)] " 
+ r/)] « [(rSo)/(l -*■ ^/)K1 " The term [(rSo)/(l + v)] x 

(I “A) is exactly the “tax subsidy” provided by the government to the 
forward buyer (at the expense of futures sellers—if the tax is imposed on 
them as wiell) by imphcitly allowing him to borrow money cheaply 

* One %vsy u> dinuiuite the poaubibty u to impose a lax a rate 1 — 1) on the 
interest pud (or reoovisd} on loom that are needed in order lo spot buy (or arU) the 
fofWgo CUfiOBCy. But dien we are m the ponuon deaenbed by eq (€ ) LcUnd's remUt 
will hold only if the tax on the tnteirst is the same as the tax on rj 
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It was shown that, by buying a right on one unit of foreign currency at 
a future period, selling short one unit in a spot market, and lending the 
proceeds of the short sale, one can increase his final wealth while taking 
no additional nsk The optimal solution is, therefore, to invest as much as 
possible in while selling short Xj and lending money Such a solution 
IS not an equilibrium solution and will be eliminated immediately from 
the market by reducing expected profits on forward contracts or increasing 
them for spot commodities Either way, the reduction in the relative 
profits or forward positions will make them less attractive to investors 
than before, and we may find ourselves in Leland’s case of model II of a 
shift of the return distribution by a constant, with the conclusion that 
demand for futures may very well fall' 

A new equilibrium will be achieved at prices S'^ and F', so that 
F' = [Sol{\ + ry)][l + (r/A)] Then “self-made” forward positions will 
yield A{5, - [Sil(\ + Tf)]} - [(Sir)l(\ + r^)], while (“original”) con¬ 
tracts will have a net return of — F) = A{5, — [SqI{1 + Tj)] x 
[1 -I- (r/A)]} = A{5, - [5o/(l + ~ [i^of)lh + t/)] For a given 

risk of and zero investment, the yields of the alternative investments 
are equal, and equilibrium is restored Again, the equilibrium is only 
partial and is with respect to the spot and forward pnees General 
equilibrium will be restored only 2 J‘tcr the optimal quantities of x, and xj 
have been determined for all traders in the market This last point is 
especially important in the case in which the tax is imposed on one type 
of trader only, that is, buyers or sellers, or when differential taxes are 
imposed Then, increasing J), xfj by 1/Aj (where 1 — Aj is the tax rate 
of buyers’ profits from futures, and J), is summation over all buyers) 
would not neccssanly be met by an equivalent increase in the supply, 
the latter will virtually tend to increase by 1 /As (where 1 — Aj is the tax 
rate on sellers) 
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Th6 Social Costs of Monopoly and 
Regulation: Some Comments 
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Richard Posner (1975) has reccndy presented an interesting alternative 
to existing esUmates of the social costs of monopoly and regulation His 
estimates are based on the notion that potential monopolisU will be 
willing to expend up to the expected renu from a monopoly to obtain 
the monopoly so that under perfect competition these expected rents will 
be converted into social costs However, when it is profitable to esublish 
a carttl, it will also be in the common interest of the members of the cartel 
to protect against violations of the cartel’s rules as well as against threats 
from outsiders, and these protection costs are likely to affect the cartel’s 
optimal price and quantity and thus its profits ' In this note, I extend 
Posner’s analysis to show that the existence of such protection costs can 
cause either a higher or lower price (than the simple monopoly pnee) to 
be optunal for the cartel 

1. Posner’s Model 

Posner makes the following simplifying assumptions “(1) Obtaining a 
monopoly is itself a competitive activity, so that, at the margin, the cost 
of obtainuig a monopoly is exactly equal to the expected profit of being a 
monopolist. (2) TTic long-run supply of all inputs used in obtaining 
monopolies is perfectly elastic (3; The costs incurred in obiaimng a 
monopoly have no socially valuable by-products (1975, p 809) 

Figure la is analogous to Posner’s figure 2 and illustrates a cartelized 
market with constant marginal production costs ^ The price rise caused 

1 wiih to thank the Bank of Swrdcn Trrcrntrnary Foundaiion for iinancial support 
The ideas in dus note ha>T been prearntrd to ihr Ls'm and rconomics workshop at Utu- 
veraty of Oucago. I am grateftil to Gar> S Brckrr, \\ ilium M Landes, Ridurd A 
^omet, aiyt CSutrles Stuart for ducumons and helpful comrnenu 

‘ A ^monopoly*' might be defined as a single firm for which all intcma) and cxu^mal 
ntugiaal prot ey tK a coMs are ccro I wiU use the word ^'carter* when such uAcnsal costs 
ere poaitivc (for one or many firms) 

^ rrwnci aMumci CT mtai tf maiginal producuon costs Thn u a strong assumption for 
wo aaalyni of the dtort run On the other hand, m the long run when new producen 
CAB enter, the cnitel may break down. I rruin Ptxnrr's aoumpuon for AnphaT^ 
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by the cartel decreaies the coniumer surplus in the market by ptP^^C 
Previous calculations of the social costs of monopoly have been based on 
estimating the “deadweight loss” ACB, as pcpm^ represents a transfer to 
the cartel. Posner’s assumptions, however, imply that the whole area 
pgPmAC represents a social loss. He calculates this area by using several 
earlier esdiiHUes of demand elasdcities and cartel price increases and 
concludes that the social costs of monopoly constitute between 5 and 32 
percent of the revenuM d firms in carteloed industries. Note here that 






dOifinnnoATioNs 

the e»titnate» presented m several of Posner’s tables are one-third of the 
values that follow from hts assumptions This is due to an error m the 
derivation of an equation ^ 

Posner’s calculations are apparently intended to provide an upper 
limit for the social costs of monopoly, while the deadweight loss ACB can 
be regarded as a lower limit for these costs However, Posner’s assumptions 
arc not sufficient to guarantee that the true social costs of monopoly are 
less than his estimates For instance, if a cartel is protected collectively by 
the judicial system, then costs borne by the judicial system must be added 
to Posner’s estimates (to find an upper limit for social costs) But as Posner 
himself notes m his introduction “The estimates are crude, their pr imar y 
value may sunply be to induce skepticism about the existing empmcal 
literature on the social costs of monopoly’’ (1975, p 809) * 


n. The Cartel’s Protection Costs 

Consider the demand and cost relations in a perfeedy competitive market 
In figure la, the market is in equilibnum at point C The sellers in the 
market wish to form a cartel m order to maximize total profits, this would 
involve a price increase to the monopoly price Of course, each seller 
would in this situation have a private incentive to cheat on the cartel as 
he would recavc a price greater than bis marginal cost If there is such 
cheaung, then the damages to the cartel as a whole will be equal to the 
area between marginal costs and marginal revenues between the monojxily 
quantity and the volume of the good actually sold From this it is 
possible to derive a marginal damage curve for cheating This marginal 
damage of offences against the cartel (“crime’’) is MLC = MC — MR, 
which IS shown in figure 1ft (where enme protected against is measured 
on the horizontal axis as q,. — q) 

If the cartel docs nothing to protect itself against crime the compeutivc 
solution will obtain However, assume that the cartel has at its disposal 
some costly means of protecting itself against \ lolations of its rules The 
marginal costs of protection arc represented in figure 1ft as curve MCP 

* The calculations are based on cijuauon (10') (p 815) should be C « 

3lt.l2i - - *)«,, and not C = R.I2t 

* This crudicsicss seems lo be forgoiien, hoviner, when he draw the conclusion that 
public legulatton is probably a laryer source of social costs than private monopoly 
(p. 807). The Statement is more general than whai foUtwi from the rest of the article 
Funhermore, property rigbu are not fixed in Posner’s analysis To “own *8°““ 

latsr a/w, that one can eiyoy the income, or rent, or trade, of the good (see Cheung 19 4). 
This implies that others cannot transfcr ownership to tbcraielvcs withoui compensating 
the origioal owner. Ownership is protected to a large exieiu coBecuvely, pnssmabiy 
because this is tektively eOicietit Thw, when Posner allows cowly compettUon for renu 
be unplicitiy dNfw the asHimptiaa that p r o pe r ty rights are given, sosnethmg which dravA 
the foondUloBS out fton «s»«d»r many of thr (present) residu of tco n oi w tc thesry. V aA 
fenisinaaeoetsa in y are tn u nfoemed into social coso. far aattoce, then hath “the pwue 
(Md •^sOeiehey-b«^ 
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These costs are assumed constant in the figure to maintain consistency 
with the earlier assumptions made about production costs. It might of 
course be more reasonable to assume increasing marginal protection costs 
as more protection will lead to a greater price and thus greater incentives 
for the cartel’s members to cheat, but such an assumption would affect 
the results only trivially. 

Here, there is a protection problem within the cartel of the same type 
which has been analyzed by Becker (1968) in his essay on crime and 
pumshment. The optimal level of protection (and its corresponding crime 
rate) is given by point T in figure li and, tracing upward to figure la, 
this involves a sales volume of and a price level ofIn this case, the 
existence of protection costs leads to a lower price and a higher sales 
volume than in a monopolistic situation without protecUon costs ^ The 
cartel’s profits will also be lower than under monopoly, partially as a 
result of this, and partially since the cartel expends resources for pro¬ 
tection, profits will be p^p^KL — O'TSO = TRS. (I have assumed fixed 
protection costs to be zero here as a simplification ) 

This analysis assumes that the demand and production cost relaUonships 
remain fixed during cartelization, something which need not always be 
the case The costs of maintaimng a cartel might reveal themselves as 
increases in marginal production costs For instance, Posner cited the 
case of an airline cartel which restricts supply and which then faces 
nonpnee compctiUon Here, a prcduction cost increase due to the cartel 
arrangement can influence the cartel’s pnee and sales volume (sec Posner 
1975, pp. 809 flF) As a somewhat different example, an agreement to 
divide up a region into several areas, each monopolized by a single firm, 
might lead both to separate and different demands as well as production 
costs. 

To isolate the effects of a shift in production costs, assume that a 
cartel’s members are willing to accept increased production costs {MC = 
AC in fig la) in order to decrease the protection costs required to limit 
supply, and that the cartel’s price decisions are based on a constant 
market demand relationship This change in costs causes MLC to shift to 
MLC and MCP to shift to MCP', and it thus leads the cartel’s optimal 
price to be That is, it is possible that the same price and volume of 
trade arise with protection costs as without them If there are lower 
mai^inal protection costs than MCP' or greater marginal production 
costs than MC then a price which b greater than will be optimal for 
the cartel (and vice versa if MCP is greater or MC lower than MCP' and 
MC, respectively) » 


' Pofiier implicitly comiden the effect of the cartel’s protection costs on its pricing 
decisian when he regards the case when “MC ■> MR' to be a special case where (hr 
cartel can extract the whole “supercompetitive” price increase (p. 813). 
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Of course, a cartel which cams positive profits may face competition 
from producers of close substitutes Protection against competitors will 
gener^y involve shifts in the demand faced by the cartel This situation— 
which has been discussed in connection with monopolistic competition— 
will not be taken up here 
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In a recent issue of this Journal, Blinder (1975) examined m some detail 
the potential impact of the distribution of income on the level of con¬ 
sumption in the Umted States (1947-72) On the basis of his time-senes 
analysis he rejects the Keynesian hypothesis that the equalization of 
income distribution would increase consumption In fact, his results 
suggest either that aggregated consumption is independent of the dis¬ 
tribution of mcome, or that greater income inequality will lead to an 
increase in aggregate consumption His empirical tesu seem to favor the 
counterintuitive explanation that increases in inequality result m in¬ 
creases in consumption 

Since we share Bbndcr’s surprise that the relationship between aggre¬ 
gate consumption and mcome distnbution has never been subject to 
direct empirical tests, we decided to undertake some simple empirical 
examinations of our own. Our mam purpose vs as to find out whether 
Blinder’s conclusions for Umted States time-scnes data would hold true 
for cross-country consumption patterns. Our analysis of the consumpUon- 
distnbution relationship leads to a related empirical inquiry, namely, a 
quantification of the relationship between mcome distnbuuon and the 
level of economic development 

L The Distribution-Consampdon Relationship for Developed 
and Less Developed Countries 

Our examination of the cross-country relauonship between consumpUon 
and distribution began with the esUmaUon of simple consumption func¬ 
tions for 37 developed and less developed countries for the years 1960-71 
Using data from the United Nations (1973) we regressed pnvate consump- 
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tion on gross domestic product for all countries in our sample.* We reahze 
that the use of GDP instead of the traditional disposable income figure 
might create some biases in the estimates of average propensity to con> 
sume (APC) for each country.^ However, since we initially wanted to 
maximize the number of countries in our sample we opted to use the 
GDP figures Subsequent tests will be performed with disposable income 
figures which were available for a smaller number of countries. 

In our initial tests we decided to use the Gim coefficient as a simple 
measure of the equality of income distribution The Gini coefficients were 
taken from Paukert’s study (Paukert 1973) and represent estimates for 
years in the neighborhood of 1965, which is approximately the midpoint 
of our consumption functions ^ 

We exammed the impact of income distribution on aggregate consump¬ 
tion by regressing the APC values on the Gini coefficients for the countries 
in our original sample, and the results are given in equation (1) of table I 
The coefficients and are significant at the 99 percent level * The 
positive relationship between the APC and the Gini coefficient with 
cross-country information parallels Blinder’s time-series results for the 
United States.^ Our initial findings, therefore, support the hypothesis 
that increases in income inequality (a higher Gini coefficient) result in 
increases in aggregate consumpuon Blinder offers some alternative 
thcoreucal explanations for his conclusions, including a modification of 
the permanent income or life-cycle hypothesis, acceptance of the Duesen- 
beiry relative income hypothesis, and the existence of changes in demo¬ 
graphic and labor force factors which have distorted the measurement of 

‘ The 37 counuics included in our original sample are Nigeria, Morocco, Sierra l-conr, 
Tunisia, Bolivia, Sri Lanka, Pakistan, Fiji, Ivory Coast, Brazil, Ecuador, El Salvador, 
Peru, Philippines, Colombia, Costa Rica, Jamaica, Chile, Mexico, Panama, Trinidad 
and Tobago, Venezuela, Greece, Japan, Israel, United Kingdom, the Nitherlandi, 
Federal Republic of Germany, France, Finland, Italy, Puerto ^co, Norway, Australia, 
Denmark, Sweden, and the United Slates 

^ Those biases might result from such factors as diflcrences in taxauon structures, 
unemployment ituurance, pension schemes, and other social welfare programs 

* We are aware of the empirical problems inherent in using the Guu coefficient as a 
simple measure of income inequahty (Particularly, the problem of different shaped 
Lorenz curves yielding similar Gim coeffkienu) Tbo.e problems notwithstanding, the 
Gmi coefficient is the most commonly used measurement of inequality, and for that 
reason we adopt it in our initial tetu In Section III we will employ supplemental 
measures of income distribution to support the empirical restilu obtained with the 
Guu coefficient 

* In table I we used a 12-year average value for the APC of each of the 37 countnes 
and regressed those average figures on the independent variabiei. The resulting equation! 
are cross-country consumption functions which do not rely on any parucular astumptiom 
about the relationship between the APC and the marginal propensity to consume (MPf < 
withu individual countnes. 

* We also regressed the MFC figures on their corresponding Gini coefficicnu in ordn 
to examine the impact of the level of income distnbutJon on the changes in aggrrgs<' 
ConsumptuMi. The results were similar but less latis&ctory than those of (he APC ^ 
greiston. 
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table 1 

CRoa»-CouNT«Y Regremion Results op APC on 
Gini CoEPpiaENTs AND Income 


Independent Variables 


Equation 

Intercept 

C 

E 


R’ 

(1) 

0 463 

0 47 
(3 14) 



22 

(2) 

068 

0 099 
(0 64) 

-0 646(10-'‘) 
(-4 08) 


48 

(3) 

0 77 

0 012 
(0 09) 

-0 186(10-’) 
(-5 24) 

0 5(10-’) 

(3 70) 

63 


Norm —<-v»lu« are given in parenthr«ei, tnconie n nsraBurril m L S dollar* 


income inequality in the postwar period Similar inierpretauons can be 
applied to our cross-country result 

In addition to examining the simple relationship between the APC and 
the Gim coefficients we included the aserage level of income in our cr-^Si- 
country regressions This step was taken to eliminate the unduly strong 
assumption behind equation (1), that is, that the APC docs not change as 
income rises In equauons (2) and (3) (table 1 j we can sec that the linear 
and nonhnear unpact of income ( Y) significantly influences the APC 
The improves from equation (1; to equation (2) as well as finm 
equation (2) to equation (3), and the /-statistics are significant at the 
99 percent level for all of the income vanables The signs of the co¬ 
efficients indicate that the APC falls as income rises A result which 
demonstrates that our cross-countrv consumption function corresponds 
in shapie to the usual intracountry short-run or cross-sccuonal function 
The inclusion of the level of income, on the other hand, renders the 
impact of the Gini coefficient insignificant This result, however, does 
not necessarily imply that income distnbution has no influence on 
aggr^atc consumpuon. We can suggest two possible explanauons for the 
lack of significance of the income distnbution \anable in equauons (2; 
and (3). The first is that there exists a high degree of colhneanty between 
G and Y, and as a result the inclusion of the income variable ovemdes 
the influence of G on APC' * This result would not be surprising given 
the theoretical and empincal eiidcncc on the relationship between in¬ 
come distnbution and the level of per capita income That relationship 
will be exammed further in Section II 

The second possibility is that the CI^P figures are noi a close enough 
proxy for the more appropnate disposable income figures That is to sav, 

* The regression of C on T yields ihe following rcjuli 

C - 50 - 608 (10-*)f = 35 

(132) 
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consumption is considerably influenced by government participation in 
the economy through taxes and transfers. Disposable income figures, 
however, are not available or comparable for the large sample of countries 
in Section I. In Section III, therefore, we will continue our analysis on 
the distribution-consumption relationship for 10 OECD counUies for 
which disposable income data were available. 


n. The Dsatributioni-Development Relationehip 

In his now classic study S. Kuznets (1955) observed that income is 
distributed more unequally in underdeveloped than in developed 
countries Since then several cross-country studies on the relationship 
between income distribution and economic development have appeared 
in the literature Kravis (I960) supported the Kuznets findings (re- 
aflirmed in 1%3), while Oshima (1962) classified a country’s develop¬ 
ment into four stages and suggested that income inequality is low at very 
low levels of economic development As a country advances through the 
development process, however, the dispersion of incomes increases, peaks, 
then falls when the country reaches the fully developed stage. It appears 
that as a country b^ns to develop and becomes more monetized income 
inequality increases At higher levels of development, however, pro¬ 
gressive taxation and other measures which reflect the welfare ethic 
redistribute income and hence reduce income inequality. 

Recently Paukert (1973) has examined the income distribution- 
development hypothesis, utilizing and revising the extensive data gathered 
by I. Adelman and C Taft Moms (1971). Paukert’s conclusion on the 
cross-sectional pattern of income distribution using his more extensive 
data “supports the hypothesis expressed but not hilly tested by Kuzneu 
and Oshima that with economic development income inequahty tends to 
increase, then becomes stable and then decreases’’ (Paukert 1973, p. 121) 

Since we now have access to the large number of observations made 
available through the Paukert study, it would seem that the above 
hypothesis could be empirically generahzed by regressing a measure of 
income inequality—the Gini ratio, G —on a measure of economic develop¬ 
ment—gross domestic product per head, Y. According to the above 
hypothesis, the shape of the curve which might best describe the empinral 
relationship between G and Y is given by a positively skewed frequency 
polygon described in equation (4) and m figure 1: 

G - (4) 

« 

where (7 is the Gini ratio, Y is GDP per capiu, and a, and C are 
constants. 

A positively skewed relationship seems reasonable since the Gini rauo 
appears to rise quickly with initial increases in the level of ¥ and then 
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328 630 

Fio 1 —HypotheuMd relationship between the Oim coefficient (C) and income per 
capita (Y) 


falls at a slower rate with further increases in F In addition, the skewed 
curve is justified since the mean of Y, 630, is significantly greater than its 
median, 328 (see fig 1) 

Taking logarithms to transform cquauon (4) into a linear form, we 
are able to use ordinary least squares (OLS) esumates to solve for the 
coefficients in that equation The result is given as follows 

G 487,-oTStbir-s i0)» 

The coefficients arc significant at the 99 percent level, and the fi* = .21 
Given the large number of cross-secuonal observations and a F-valuc of 
7.24, the is significantly greater than zero at the 99 percent leveL^ 

The above results would seem to supply a modest empirical generaliza¬ 
tion to the well-known hypothesis relating income inequality and econom¬ 
ic devidc^Nnent. The data used support the hypotliesis that as per capita 

’ Sene of llie Oini coeflirieius, cqseciaQy anM»g the le» developed countnes, did bo* 
confena to our a priori judgment about the lUie of toconie equality in daue countnes. 
^ an ritpiniinmt we dropped tluae 10 countries from our lunple and regreaed eq (4) 
the lemajiiiiig 46 countnes Hie result war C- 509e-AUtheeo- 
efficieatt were ki^dy dgnificanl and the If* row coouderably. to 51 
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income rises income is initially more unequally distributed.* Continued 
increases in per capita income, however, are associated with a more equal 
distribution of income More specifically, the relationship between income 
inequahty and economic development is shown to be in the general form 
of a positively skewed frequency polygon. 


m. The Distribution-Consumption Relationship for 10 OECD 
Countries 

In this section we will extend the analysis of Section I using data (OECD 
1974) for 10 OECD countnes for which we have comparable figures on 
disposable income ^ Such data were not available for all of the 37 
countnes in our earher sample'** It was suggested that taxation and 
transfer differences in those countnes, and the necessitated use of GDP 
figures, rendered the income-distnbuuon variable insignificant in 
equations (2) and (3) Although the availability of disposable income 
figures limits the number of countries in our analysis, we gam the ad¬ 
vantage of having a sample of relatively homogeneous, developed 
countries That is to say, the use of our OECD sample should reduce any 
extreme biases in our consumption functions which would result from 
vasdy different social welfare programs 
In order to override the problem of multicoUincanty in the OECD 
sample we pooled time-senes and cross-sectional data for consumption 
and disposable income for 1961 and 1970 Since year-to-year changes in 
the Gim coefficient are not likely to be very perceptible we used Paukert’s 
data throughout the time pienod In addition we used his alternative 
measures of inequality, including percentile distribution figures and the 
maximum equalization percentage (MEP) 

The regression results of equation (2) using disposable income (P^) 
and the alternative income distribution variables (£>) are given in 
table 2. We also estimated Blinder’s dynamic equation, 

+ + + (5) 

■*^4 ^4 ■'4 

* The noniioear relauoiuhip between G and K for the 56-counuy sample does not 

contradict our earlier claim that there was coilinearity between those variables in eqq 
(2) and (3) in table 1 (tee alio n 6). In the previous consumpUon-function analysis our 
sample size consisted of only 37 countnes since complete data was not available for many 
of the lets developed countnes. The consumption analytu therefore included for the m«t 
part countries whose ht^ier income levels placed them on the downward-tlopuig poruon 
of the curve in figure 1. ' 

* We would like to thank an anonymous r^ree for many useful suggestions which wc 
incorporated into our analysis m this section. 

The 10 OECD countries included in our sample are Australia, Denmark, Finland, 
France, Germany, Italy, the Netherlands, Sweden, United Kingdom, and the United 
States. 
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for the pooled sample of 100 observatiom Those results are given in 
UbleS. 

In contrast to our earlier results the Gnu coefficient becomes negative 
and highly significant in equation (2) In equation (5) it is also negauve, 
but the level of significance falls considerably The MEP and the other 
percentile measures of income inequality follow a similar pattern with 
variations in the level of sigmficance The middle and upper percentile 
measures of mcomc inequality (41-95) have positive coefficients, while 
the highest (96-100) and two lowest (0-40) have coefficients with 
negative signs Larger values in the extreme percenulc ranges indicate a 
greater degree of income inequality as do smaller values in the middle 
ranges. Hence the sign reversal is as expected 

All the coefficients for the income and lagged consumption variable 
in both tables are highly significant, with the expected signs The co- 
eflScients of detcrminauon improve considerably from equaUon (21 to 
equation (5).“ 

The above results would seem to support the Keynesian hypothesis th»t 
a more equal income distribution results in higher levels of consumption 
The reversal of the results for the OECD sample from the larger sample of 
developed and less developed countries can be attnbuted to several reasons 
Two possibiUties come to mind The first is that the use of the more 
acceptable disposable income figure eliminates the taxes and transfer 
distortions of the larger sample where the available GDP figures were 
used. The second possibihty is that our OECD sample only mcluded 
countries that were relatively developed Hence those results may only 
reflect the distnbuUon-consumpuon rclauonship as it exists in more 
developed countries 

IV. Summary 

In this bnef paper we have attempted to cast some empiiical hght on 
two distinct but related topics Our primary purpose was to examme the 
cross-country relationship between income distribution and aggregate 
consumption for a sample of developed and less developed countries 
Our first tests, given m SecUon I, yield results which concur with Blmder s 
(1975) findings for ume senes United States data, namely, that mcreascs 
in income inequahty may lead to increases m aggregate consumpuon, 
although those statistical results were not strongly significant Second, 
we quantified the cross-country rclaUonship between income mcquahty 
and economic development which was first hypothesized by Kuznets 
(1955, 1963). Our findings gave some support to the hypothtaus that the 

“ In addition to the above tens we ran wme regrewons vnth dummy \anaWe» which 
•flowed the MPC to vary from country to country The rrsulti of tkete testt were con¬ 
sistent widl tfaoK repor te d m ubie 3 
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inequality development relationship traces the general shape of a positively 
skewed frequency polygon. Third, we extended the distribution-con¬ 
sumption analysis of Section I to include more refined data for 10 OECD 
countries The results in Section III, conflict with those of the larger sample 
which mcluded both developed and underdeveloped countries. The tests 
in the OECD sample give some credence to the traditional Keynesian 
theory that there is a positive relationship between income equality and 
the level of consumption. 
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Firm Demand for Information about 
Price and Technology 

Richard E Kihlstrom 
Umatmty qf lUums at Urbana-Champaign 


Firms arc often required to commit resources to producUon without 
complete knowledge of price, technology, or other factors which influence 
output. Familiar examples occur in agriculture where pianung decisions 
arc made before commodity price levels and weather condiuons are 
known. Furthermore, as new crops and farming techniques are introduced, 
the productivity of these innovations is not always completely understood 
before they arc implemented The construction industry faces similar 
problems as do most industries in which there is a sigmficant lag between 
the time when resources arc committed to production and the Ume when 
output IS forthcoming 

In these situations, firms may be able to acquire, at some cost, informa¬ 
tion about unknown factors before making a production decision For 
example, market surveys and trade publications provide informauon 
about price Similarly, agricultural extension services supply farmers 
with technological information about new crops and techmques and 
about soil condiUons The weather bureau is another important source 
of information to farmers as well as homebuilders When this kind of 
information is available, firms must decide on the basis of the costs and 
benefits involved whether it is worth obtaimng The firm must make an 
even more complicated demand decision when information is available 
in increasing degrees of reliabilitv at increasing cost This situanon occurs 
when the firm has control over the size of a sample or the sophistication 
of information-gathering techniques 

A rigorous analysis of the determinants of firm spending for information 
requires a g e ner a l model of the firm's information demand decision 
In the model proposed in this paper, as in Kihlstrom (1974i), the staostical 
concept of sufficiency, mtroduced bv Blackwell (1951, 1953), is used as 
the basis for a general defimtion of the “amount of informatioii This 
definition identifies the quantity of iiiformaDon with its reliability 
Using this measure of information it is possible to formally desenbe the 

This raea rc h was su p ported under Nauoaal Sckhoc FouncUuoa grant SOC TW)5317 

^ tuthor is gniefill for dut support. 
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firm’s options when the information u available in continuously varying 
degrees of reliability, that is, in continuously variable amoums. We are 
also able to prove that information raises expected profits by permitting 
the firm to adjust its input demands to levels which are more likely to be 
appropriate for the true price or technology. Furthermore, we can 
explicitly compute the expected profits associated with each level of 
information demand. The resulting expression for expected profits is 
the basis for a comparative static analysis of firm spending on information 
In particular, we ask whether information demand, like the demand for 
conventional inputs, dcchncs when price rises A “revealed preference” 
proof that information demand is a decreasing function of the price of 
informauon is contained in Section II, which follows an introduction to the 
model. This proof is applicable undo- very general conditions. In partic¬ 
ular, the information available can be information about input or output 
prices or about technology The firms in question may be either com¬ 
petitors or monopolists. 


1. The Model 

Let ii{z, a) be the firm’s profit function. This function relates profits to 
the vector of productive inpuU, z = («|, . , z,)tR*,^ employed by 
the firm and to the unknown parameter a 6 Q S Ri- If technology is 
uncertain and the firm is compeutive, 

n(z,a) =p/(z,a) - w z, (1) 

where p is the price of the firm’s output,/is the production funcuon, and 
w IS the vector of input prices. If price is uncertain, 

n{z, a) = p{a)f(z) - w z, (2) 

where p{a) is the r<uidom pnee variable aiidf[z) is the production func¬ 
tion. If input prices are uncertain, then 

a) ^ Pf{^) - «'(«) ■«. (3) 

where p is the price of output, m{a) is the random vector of input prices, 
and f{z) b the production function. For a monopolistic firm, equauons 
analogous to (1) and (3) describe the profit function if technology or 
input prices are unknown. In the monopolisuc form of these equations p 
it replaced by p\J{z)] for equation (3) and by p[/(«, 0 )] for equation (1) 
The monopolistic form of (2) is > 

niz, a) m p[/{z), tt]fiz) - wz. ( 2'1 

' K, u ii-dfanenuonal Euclidean qiace, u the positive otthaat of a-dbnenuonal 
Euclidean space. 
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We fuppoM that the firm has expectations about the parameter a 
wluch can be represented by an a priori probability distribution with 
density g{a) If the firm maximizes expected profits, it will choose ^ to 
maximize Jg n(z, a)g{a)da, where Q is the set of possible a values The 
maximizing z is assumed to be unique and is denoted by ^(0) ^ 

Now suppose that varying amounts of information are available 
Formally, information is obtained by observing a random variable which 
IS correlated with ^ If the information is to be of use, the observation 
must be made before an input vector is committed to production Roughly, 
random variables which arc more closely correlated with a provide better 
information In the extreme case, a variable which is perfectly correlated 
with a, for example, a itself, provides perfect information Knowing the 
value of a variable which is perfectly correlated with a is equivalent to 
knowing a. 

To introduce the possibility of variable amounu of information, we 
assume that the firm can choose to observe any one of an infinite number 
of random variables of which is correlated with a The 

random variables i, all take values in a sample space X, and the con- 
diUonal density of x, given a is A(x|a, 0) 

The parameter 0 will be interpreted as the “amount of information” 
conveyed by observing x. To guarantee that informauon docs increase 
with 0, wc make use of the stausucal concept of sufficiency in the form 
introduced by Blackwell (1951, 1953) Thus we assume that 0 > ff 
imphes that x« is sufficient, relative to the parameter a, for x^ We also 
assume that when 0 exceeds O', is not sufficient for x. Analytically, 
X| is sufficient for x^ when there exists a condiUonal density funcuon 
m(xy|x,) such that for all x, e X, x,. e X and all o e Q 

A(x^|a, fi') = J m(x, jx,>A{x,la, 9]dx, (4) 

The crucial feature of the condiuonal density m(x,.|x,' is the fact that 
It IS independent of a Thus, once x, is known to equal x,, the random 
variable 0^ is independent of a, and observauons of xj. contey no addi¬ 
tional information about a. It is easv to prove that when x, is sufficient, 
relative to a, Ibr every user of information about o is at least as well 
off observing if brfore nudang a decision as he would be if he based his 
deciston on Blackwell provides one proof Another proof is given m 
Marschak and Miyasawa (1968) 

* An Iti wliijch uiuQuencs condiuon holds is described in Kihlslroni 

{‘976). . - 

* like proo f VHjusRi A fanoAl definition of An '*infiormaiion uJcr ” In cttcnce, a user oi 
fofwiaatloo about aba deoSMin maker wboae wlSsre u determined by the parainetw 

a as swO as fay Ua If an informauon user knows «, hu optunal action will 

be idalad to dks particular vahK taken by a 
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Because better information is ustially more expensive we assume that 
the opportunity to observe costs more than the opportunity to observe 
Xf. when 6 > 0'. In fact, we assume that 9 > 0 is the pnee of a “unit 
of information” and that the cost of 0 umts of information, obtained 
by observing Xg, is q0. 

If X e X, and the firm observes that Xg » x, the firm will alter its 
expectations about a via Bayes’s rule which asserts that the postenor 
density of a given that » k is 

,M,, 9,. 

v(xl0) 

where 

v(*|8) = J 0)eia)da (5) 

The resulting revision in the firm’s profit expectations induces an altera¬ 
tion in the input choice Specifically, when Xg has been observed to equal x 
the firm employs an input vector z(x, 0) which maximizes 


J n(z, a)it(alx, 0)da. (6) 

We will assume that z{x, 0) is unique for each x and 0* Thus, if the firm 
observes Xg = x, its expected profits are 


x[ 4 (x, 0), a]>j{a\x, 0)da — q0 


Notice that the cost of observing Xg is deducted Also note that ( 6 ) and 
therefore ^(x, 0) are both indepicndcnt of q 
The function z(x, 0) specifies a contingency plan which describes how 
the firm adjusts its input decision in response to alternative messages 
It might receive once it has decided to base its decision on Xg But when 
the firm decides which Xg to observe, that is, when it decides how much 
information to purchase, the firm does not yet know what message the 
information will bring Thus the decision to purchase mformauon must be 
based on an expected utility maximization in which the utility associated 
with each possible message is weighted by the probability of receiving 
that message The utility of the “message Xg ■■ x” b given by (7) The 
probability of the “message Xg = x” is given by (5) The expected profit 
associated with observing x, before deciding on an input vector is there¬ 
fore 


^(8, " J J - 98. 


* TUs uniqueness condition bolds in the example described in Kiblstrom (1976) 
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//(O, q) = max | n{z, a)g{a)da = | 7t[c(0), a]g{a)da ’ 

When the firm makes an information demand decision it does so by 
choosing 0 to maximize H(0, q) For each q, the maximizing value of fl is 
assumed to be unique * It is denoted by 0{ q) 

In the analysis which follows we shall assume that information markets 
are competitive As usual, this implies that in choosing 9 to maximize 
H the firm treats 9 as a parameter outside of its control Clearly the level 
of demand for information will be determined by q as well as by the 
parameters of the profit function and of the a pnon density funcUon g 
When input markeu (other than the informauon market) arc competiUvc, 
input prices will be among these parameters If the output market is 
compeUtive then output prices will also be included as parameters In 
the next section, we consider the model in its general form and investigate 
the effect of information price changes on information demand 


n. A Proof That Information Is a “Non-Giffen Input” 

The classical theory of the competitive firm asserts that demand for an 
input never increases when the price of that input rises This result can 
be proved in several ways, a proof using calculus is given in Samuelson 
(1947) But It IS also possible to give a proof based on a revcaled-pref- 
crcnce” argument In the theorem which follows, the rcvealed-preferenw 
anoroach is applied to demonstrate that, when firms maximize expected 
profits, the firms’ information demand e{q) will not increase if the price 
of information nses This result holds for input and output pnee informa¬ 
tion as weU as for technological informauon It also holds for ~po\^ 
who buy informauon in compcUtive markets In the monopoLsUc cax 
STilLaUon may be informauon about technologv. input prices, or 

"^'TWr-^cne that an expected profit-maximamg 
demand e{q) exists for each possible informauon price eve g 
information demand 0 (?) decreases or remains consunt when pn 

of inlbrmadon nses 


* We aNume (hrouebout thst 


lim H (*. q) 


//(O, q) 


_, a Wffl fl) function which n conunuou* 

the example in Kihtoom (1976) does rcsuli m » 9 J 

at lero* _, , _j^mbed m Kihlnrom (*576) 

• 'fhii v^i^******* * * condition h o Mi in die cx*nipi 
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Pmif .''—Let > 92 - By definition of 0{qi) and 6(9 j), 


and 

^[fl{9i).4.] 9i] 

(9) 


moiga), 9 J 2: HWgi), 92 ]- 

(10) 

Using the fact that H(d,g) -« — q$, equation (9) 

rearranged to obtain 

can be 


/f[tf(9.). 0] - /f[fl(92).0] - 9i[0(9i) - »(9i)] 2 0. 

(11) 


Similarly, equation (10) reduces to 


H[H92). 0] - H[e(g,), 03 - g,[0{q,) - 0(9,)] ^ 0. (12) 

Adding the left-hand sides of (11) and (12) yields (92 — 9i)[fl(9i) - 
0(92)] 2: 0. Since g^ < 9 i, 0(92) must therefore exceed or equal 0 ( 9 i) 


Summary 

The model employed in this analysis assumes that information about 
a parameter, say price, is provided by observations of random variables 
correlated with price. It is also assumed that the firm is able to observe one 
of many different random variables, each of which is correlated with price 
The statistical concept of sufficiency is used to define analytically the 
amoimt of price information conveyed by each possible observauon. For 
the purpose of analyzmg, m general, the determmants of informauon 
demand, this definition is the crucial feature of the model. Using this 
definition, information increases can be shown to raise the level of ex¬ 
pected profits, but they also arc assumed to be expensive As with other 
commodities, the optimsd level of information demand occurs where 
the maiginal benefits of more information are exactly oflset by the marginal 
costs The analysu in the present paper uses the model in its general form 
to demonstrate that the optimal level of information demand dechnes 
as the price of information increases. 

It is also possible to study other determinants of information demand 
with this same model- This is done, for a special case, in Kihlstrom (1976) 
The special case treated there occurs when the probabihty distnbuuons 
are normal. In the normal case, the amount of information can be 
measured by the inverse of the variance of the observation. It can also be 
interpreted as “sample size.’’ For further remarks on these interprctauons 
the reader is referred to Grossman, Kihlstrom, and Mirman (1975) and 
Kihlstrom (1974a, 1976). 

^ I am grateftil to Ed Foster for suggesting tUs simple proof. Earlier versions of thu 
paper oontaitted a much longer proof based on the tame 1 ^. I am also grateful to the 
editors id the Jornntl Mthes/ Btv m mif tar aOowing me to substitute the simpler proof 
at a very late stage in the pubUcatiaa prooets. 
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The Desirability of Cheating Incentives and 
Randomness in the Optimal Income Tax 

Laurence Weus 
Harvard Umoemty 


A common feature of income tax plans is the opportunity to evade taxes 
illegally To make this unattractive, governments audit a random sample 
and punish agents who cheat, usuaUy with fines The decision to cheat, 
from the agent s viewpoint, is analogous to the purchase of a risky asset 
The availabihty of nsky financial assets will generally affect the relative 
attractiveness between labor and leisure It follows that the creaUon of 
incentives to cheat will alter the amount of labor agenu wish to supply 
for any given wage and tax rate 

It u well known that an income tax distorts the marginal mcenUves 
and lowers the supply of labor below that which agents would choose if, 
instead, a lumpsum tax which yielded the same revenue were levied 
This paper will explore the possibihtv that inccnUves to cheat might offset 
this undesirable subsutuuon effect and improve resource allocabon 
sufliciendy to compensate agents for their usual aversion to risk 

As in Mirrlees's (1971) important article on the optimal redistributive 
mcome tax, an atemporal, artisan economy (no firms, no capital, constant 
margmal product, labor-leisure trade-off) is analyzed The government 
employs an income tax to raise an exogenous amount of revenue For 
exposibonal simpliaty, only hnear tax schedules are examined, but the 
restriction is not crucial. The real-world consideraoon that much effort 
is wasted by devising and thwarting evasion schemes is assumed away 
by postulating that the acts of evasion and detection are, in themselves, 
costless. Lump-sum taxation is ruled inadmissablc, so that the problem 
is inherently in the nature of the second best 

A simple model of tax evasion formulated by .\llingham and Sandmo 
(1972), Srinivasan (1973), and others is extended to allow for variable 
labor supply. It is observed that, starting from a position in which no one 


. Rnandal nqipoit from a National Sornce Foundation graduate feUowvSup and NSF 
run no. SOC 73-09142 ti giaieRiUy ackmmfetlged I would like to thank K Arrow, 
S. Sfaavd. and rnemben ofthr Irootute for Malhrmaocal Studiei m ihr Soaal Saen^ 
uStaaM Uaivtasity far beliiiul di»cu»ooi An anooymoui ref^ valuable 

n^iSflfaM, and Baadaridi cometed trveral eiroo in an eariier diaR 

^T5S[ wwrwd. 
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cheats, it is to the advantage of all agents to have incentives to cheat, 
while these incentives might be provided without any loss of (expected) 
tax revenues. The optimal income tax may, therefore, provide incentives 
to cheat. This leads to the analogous and somewhat paradoxical idea 
that, to raise a given amount of tax revenue, all agents might prefer a 
random tax rate rather than a certain one which produced the same 
revenue, even though they arc risk averse in the usual sense (have con¬ 
cave utility functions). The possibility of this is examined when the 
realization is announced both before and after labor supply is chosen 
The latter scheme will be shown to be desirable under the same condiuons 
which imply that the provision of incentives to cheat is desirable. 

This suggests that it might be desirable (m the sense of increasing all 
agents’ expected utility) if the taxing authority treats identical individuals 
differently Whether a social planner should be governed solely by 
agents* (ex ante) cxpected-utihty calculations is a much discussed and 
open question, but most economists would probably accept individuals’ 
assessments of their own welfare when these are made with the “correct” 
probabilities 

Cheating Strategy 

All agents are assumed to have preferences over wealth (consumption), 
denoted by IV, and leuure (L) that may be represented by a von 
Neumann-Morgenstem (cardinal) utility function Following Allingham 
and Sandmo (1972), the penalty assessed on fraudulent returns is pro¬ 
portional to the amount of the defiacncy The government announces 
that It will audit (1 — ^) of the returns. Those audited and found deficient 
will be required to pay a penalty of g times the income understated, in 
addition to the normal tax of t 

Normalizing the wage rate at one, all agents choose hours worked (h) 
and income understated (C) so as to maximize 

F(A, C) = E[U{IV, L)] 

- pt/[A(l - 0 + tC, -A] -I- (1 - ^)C/[A(1 - t) - qC, -A] 

( 1 ) 

First-order conditions for an interior maximum imply 

I? = p:c/t(i - 0 - un + (1 - - 0 - t/j] = 0 (2) 

oh 

and 

-,(1 - o ' (3) 

(Superscript means the function is evaluated at A(1 — I] 4- (C, 
income if not audited; superscript ~ means the function is evaluated at 



OI^IIIUNICATIONS 13^^ 

— t] — gC, net income if audited ) Expected tax revenues are 
]E[T) •* h*t — (1 — P)g]C*, where h* and C* are chosen to 
satisfy the first-order conditions Sufficiency is established by observing 
that F(h, C) IS concave, being the average of concave functions of linear 

transformations of h and C 

Suppose the audit rate is set just high enough so that no agent has an 
incentive to cheat By equation (3), this implies — (1 - p)g — 0 
(so that p — gl[t + ?])i the expected gain from cheating is zero To 
examine the change of k* and C* in response to enforcement changes, 
equations (2) and (3) are totally differentiated with respect to p m the 
usual Hicksian manner Evaluated at p = p* = ql{t + q), 


bp 

bC* 

bP 

dE{T) I 
bp 1 


= 0 , 


p‘f‘ 






t + q 
tq 

dp 


dC* 


(£^ _ (t + q)C* - [pi - (I - P)q]~ = 0 


(see Appendix, item 1) , ,1 

Hence, if ^ is raised shghtly, all people cheat inversely proporUonaUy 
to their coefficient of absolute nsk aversion It is necessary to examine 
the second derivatives to ascertain the changes in labor supply and 
expected taxes. 


Mp 

bH* 

bp' 


■P*< 

(< + <tV 

iq 


ff, 


- 2(1 - () + 2^ 


(4) 


minus the 


where A - 

substituuon effect of the change in ihc tax rate (>0) 

In general, the sign of the expression inside the parentheses is ambig- 

In C« of UUU^ ‘ZZ b, n^umng to .b»ln« 

a poubve sign of equaUon (4) is = 

risk aversion decreases rapidlv wit wca ’ If the 

opnaioa » fco ^ foncLo « •npn^bfc Tin! 

the t^portunlbes to evade taxes, tw ^ 
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problem is similar to asking how variability of the interest rate affects 
the supply of savings (for a good discussion of this and similar problems, 
see Rothschild and Stiglitz [1971] and Levhari [1973]). 

The change in expected tax receipts is 

d^E{T) .d^k* 


dp^ 

which, evaluated at p 
d^E{T) 


This IS positive for 


~ 2 (' + 9 ) — 

dp* ^ * dp 


[pt - (I - P)9] 


d*C* 

dp* 


( 5 ) 


= p*, becomes 

t^^fi 


- 2(1 - /) + 2 


Ur 

tAU,, 


+ 2 


Uul 


- 0 - t^,»] > 2(1 - t) - 2^ 

*^11 ‘^11 


- 2 


Ur 

tAU,, 


(S') 


(6) 


The possibility that tax receipts might actually rise with reduced 
enforcement estabhshes that a well-designed tax system might provide 
cheating incentives, since each taxpayer could remain as well off as in 
the full-audit siuiation by reporting his entire income. Even if tax receipts 
decline, it might still be possible to increase the tax rale to compensate 
the government and leave all agents better off than in the initial situation 
If I IS increased and agents respond accordingly, 


dl 


dt 1 f/, j 


( 7 ) 


which will be assumed positive, since otherwise everyone can be made 
better off simply by lowenng /, the marginal tax rate The utility loss to 
agents is the same whether or not they adjust their labor supply: 


kU 

- - -Af/., 


( 8 ) 


80 that the trade-off using a straight tax policy is given by (dividing 
eq. [8] by eq. [7]), 


W 

dT 


- ,4[1 


t/n(l - 0 - 
Ur 


"“1 


( 9 ) 


The gain in terms of utility, by providing incentive for gainful ux 
evasitm, is 


d*E{U) 

dp^ 


U* (l + q)* 


U, 


II 


t9 


F*F* 


( 10 ) 
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Dividing the equation above by equation (5), the trade-off by lowenng 
the audit rate is 


dEiU) 

dE{T) 


_-U,_ 

- <) - u,,,] (11) 

- [(2Ay„)/[/,]/(i -i)+ 2[((Af;,j)/£/il + 2 


Thus the change in utility by raising I and p to leave (expected) taxes 
unchanged will be positive if and only if equation (9) - equauon(ll) > 
0 or 


^[y.l.d - 1 ) - > 

^^11 


U, + Af/,J 
hU,, 


Uj 

/Af/,1 


+ (1 + 1 ) 


( 12 ) 


Random Tax Rates 

The preceding analysis suggests that cheating may give rise to a welfare 
gain by making final wealth variable This variability may lessen the 
“dead weight” loss of using an income lax sufficiently to compensate 
agents for their usual adversity to risk It seems natural to ask if random 

tax rates might serve the same purpose 

Suppose agents are told that the tax rate will be a random variable 
with the same mean as before The agent must choose pretax income 
before the realoation is announced 1-ct h* be the optimal hours worked 
when the rate is fixed at the expected rate Tlius, h* satisfied, 


^ = (I - t)U, - t/, - 0 (13) 

dh 


For “small” increases in the variance at t, when 
hours worked will mcrcasc if (dU}l{dh) is a convex 


the vanance is zero, 
function of I evaluated 


at**- 


iL(^\ h{2Uu + A[(-'m(l - 0 - 

dl^\dh 1 

UBi,, * .dj« » .IB 

equation (13), 


^ {2U„ + fc[f/,u(' - 

^var I 2t/| 


^nec, by assumption, l has the same 


mean, the change 


ir« 


(15) 


expected 


revenue it 


dE(T) ^ (2t/u + *[t^iii(> - 

ffvar t dvar I 2Cf, 
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Similarly, the loss to agents by randomizing is the same whether they 
adjust optimally or not and is given by the second term of the Taylor 
expansion of utility with respect to the tax rate about the mean rate: 


SE{V) 
dvar t 




(17) 


So the trade-off between expected utility and expected taxes by ran¬ 
domizing is given by (dividing eq [17] by eq. [16]) 


dE{U) 

dE(T) 



t/.„(l - 0 - 


U, 


11 



(18) 


Thus there exists some random rate with a lower mean that is preferred 
by all agents and yields the same revenue as a certain rate t if — equation 
(18) + equation (9) > 0 or 


JL 


[f/,ii(l -t)- > - 


t/, -»■ 


hU, 


11 


A. 

lEU, 


+ (» - t), ( 19 ) 


which is identical to the condition in equation (12) That is, the possible 
desirability of permitting incentives to cheat is implied by, and implies, 
the desirability of using a random rate in preference to a certain rate 
yielding the same revenue. 


Two Examples 

If agents' preferences arc representable by a constant elasticity of sub¬ 
stitution function of the form U ■* {6W~* + (1 — then 

expected tax revenues rise with mcentives to cheat if (eq. [6]) I > 
2/(1 + a), where <r «■ 1/(1 + p), the elasticity of substitution between 
income and leisure Furthermore, there exists some combination of 
raising t and fi or using some random rate in preference to a certain rate 
of(eqq [12] and [19]) 

Particularly, it is necessary that p be less than zero, if the elasticity of 
substitution be greater than one for the schemes to be possibly useful. 
A Cobb-Douglas function (p m 0) precludes the desirability of random 
taxes. Hiis might be easily observed, since hours wiyked is independent 
of thd tax rate. Any random rate will generate the same labor supply 
and produce the same expected revenue as a certain rate at the mean, 
while being deleterious to all agentt. This bolds whether the realization 
is announced before or after labor supply is chosen. 
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Z rT » ^taluy funcUon of the 

form U(W) + L. where t/{ ) .s concave and increasing, cheating 

mcentive. > 2// There exists some cheating 

strategy, and there also exists some random tax rate, both of which are 
Pareto preferable to an ordinary linear tax schedule if (C/.C/, )in^ ^ 
— {UJWU^^) + 1/t If the condition above is satisfied, there also exists 
a gamble involving t, the realization of which is antecedent to the selection 
of pretax earnings, which is also strictly preferable to a fixed t {sec [3] in 
Appendix) For functions of the form [1/(1 - A)](a + + £ 

(b > 0), cheating increases taxes if t> 2i/(A + 1), and all forms of 
randomization and cheating are potenually useful \{ I > b 


Coaclttsion 

The results suggest that cheating and random taxes are socially useful 
when Um is large and posiUve It is usually assumed that “rational” 
behavior is characterized by U^ posiUve and {/,, negative What bounds 
are reasonable on t/,,, It has been suggested (Arrow 1971) that absolute 
nsk aversion (-f/u/t^i) ts nonincrcasing and relative risk aversion 
{^■WUnlUt) nondecreasing with wealth These conditions imply, 
respecuvely, that 1 ^ (i/|i,i/i)/t/f, :S (f/,/lVt/,,) + 1 The right-hand 
inequality implies that, for arbitrary utility functions that are separable 
in consumption and leisure, both incentives to cheat and random tax 
rates are undesirable That is, if relative risk aversion is a nondeclming 
function of wealth, then there exists a certain linear tax which yields the 
same revenue that all agents find preferable to the stochastic schemes 
However, if the uuhty function is nonseparable, the idea of risk aversion 
becomes less usable and clear If a constant elasucity of substitution 
utility function is accepted as a reasonable portrayal of agents’ preferences, 
then the possibihty of socially desirable inccnuves to cheat must also be 
accepted. 

It may seem strange that the introducuon of an artificial and unneces¬ 
sary uncertamty may improve the welfare of a society of nsk-averse 
individuals. The possibility of this is greatest when agents have a strong 
preference for “skewness” in the distribution of wealth (wbch is a 
eardinal property) and when the welfare loss imposed through an income 
tax is large (which is an ordinal property) The result is less surprismg 
when the second-best nature of the problem is stressed If lump-sum 
taxation were allowed (or, equivalently, labor supply were unalterable), 
the schemes would be useless 

The of partial enforcement and, more important, of random¬ 

isation in both Mirriecs’s (1971) arocle on the opumal redistnbutive tax 
(lo u to maximiie the sum of uuhues) and Phelps’s (1973) problem of 
maxhoixing total tax receipts (in accord with Rawbian jusuce pnnaples) 
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was nontrivial and without explicit justification. The ethical desirability 
of treating idcnucal individuals identically (in an ex post sense) must 
rest on factors other than utilitarianism in a world of the second best 


Appendix 


1 {dh)l{dp) and {dC)l(8p) are defined implicitly by 


r8*F 

8^F 1 


r8hi 


r 1 

8h^ 

8h8C 


dp 

+ 

8h 8p 

8^F 

8^F 


8C 


8^F 

\.8h8C 

8C^ 




[.8C8p\ 


which implies that 




r/i[(i - 

pt[{\ - t)Ut - uti] 

i* 


- 2(1 - t)U,\ + UtA 

-(1 - ^),[(I - Of/fi 

8p 


+ (1 - ^)[(i - t)’f/ri 

- t/fl] 


- 2(1 - t)ur2 + f/Js] 


8C 


pt[{\ - t)U,\ - 

ptWt^ + (I - P)q^Ury 

ep 


-(1 -p\<iW - 0£/r. 

* - 7/ti] 



V 

r[(i - ot^i* - m - [(1 - 

t)ur - t/r]-| 



[tut + <fVt 

J 


2 Let i be the random tax rate with variance ff,’ Let A* be the optimal hours 

worked when 7 is fixed at its expectation T Thus U„{h*, 7) = 0 We wish to find 
dh such that + dh, 7;] = 0 Assuming U{ ) hat continuous fourth 

psulial derivatives bounded over the range of t, h under discussion and t is 
confined to the unit interval,' I)] = + (A - h*)Ui^ + 

(< - + i(A - + (A - A*)(r - + 

0[(A - A*)3J +• 0[(A - h*)\T - <)) + 0[(A - A*)(i - 7)») + 0[(7 - 7)"J}. 
which equals (A - A*)f4* + + o(A — A*) + o(o}), as a} (and hence, 

by continuity, [A - A*]) becomes small Thus (A - A*) 2 : or, 

at a} = 0, 

3 We seek to answer the question When will it be possible for the government 
and the individual to agree to a gamble involving I in preference to a fixed 1, the 
realization prior to the agents’ selection of labor supply’ The general case proved 
intractible, so attention is confined to utility functions of the form U(IV) + L 

First assume the gamble has the same expected value of (. DifiTercntiating both 
utility and taxes twice with respect to t, letting A adjust optimally, 


8E{U) 
8 var f 


I _ 
2(1 


-0*f7ii\ ) 


8E{T) 

1 V , . r /f/,,,^^1 0 

\ 2W,, 1 

8 var t 

" 2(1 - n tf,, 



* In expansions, “Of )" means ‘•terms of order at most," and '‘o( )" means "tenns of 
smaller order than.” 
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to Ui»t, if 


Uh 


> 


2 / WU, 


+ t +1 


and 



1 

2 ’ 


a random rate u preferred by both taxpayer* and the government to a certain 
rate at the mean 

Now luppoie — > {, that ex ante randomization hurts the agent 

but conunuet to increase expected tax revenues This loss in utility is compared 
with that incurred by raising the rate to yield the same revenue 

8E{U) 

BE ( 7')nindofnization 


BU 

iKntt 


- ">/(■ + 


^/l^ 


WU,. 




- 2(1 + t) 


Randomization is superior to increasing taxes if 



Smce the denominator of the right-hand expression is assumed posiuve, this is 
equivalent to 


/l + \i 




1 2WU„ 


i ) 

1 w *) 

1- u, 


Now suppose [SE{U)]I{B vit t) > 0, but [0£(r)]/(g var l) < 0 Comparing 
randomizaUon with a lowermg m l, it is found that randomization is a supenor 
method of lessening the tax burden if 



which IS equivalent to condition {AI) above as the denominator of the right-hand 
expression is assumed negative. 

Condiuons (Al) and (A2) are both equivalent to > - (I/,/ 

WU,,) + (1/0. which i* identical to the condition for cheating incentives and 
randomization, the realization of which is announced after the selection of labor 
supply, to be preferred to an ordinary linear tax, when utiliiv functions arc of 
the form U{W) + L. 
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On the Specification of the Demand for 
Money: The Real Rate of Return versus the 
Rate of Inflation 

Benjamia Eden 

Thg Httfrac Unwtraty, JtnsaUm 


I 

The detnand for money is somcUincs spccihcd as a function of the anti¬ 
cipated rate of inflation and somctitncs as a function of the anticipated 
real rate of return on money * In the absence of uncertainty, mdividuals 
hold point anticipations and it does not matter which specification is used, 
since the real rate of return and the rate of inflation are monoticaUy 
related. 

When consumers are uncertain about future pncrs, it makes a difference 
whether andcipauons with respect to the mathematical expccuuons of 
the real rate of return on money or anticipations with respect to the 
expected rate of inflaaon arc used to explain changes in the demand for 
money The difference arises from the fact that the rate of inflauon is not 
a linear fiincDon of the real rate of return. I n this note, we provide evidence 
that supports the specification of the demand for money as a funcUon of 
anticipatioiu with respect to the expected real rale of return on money, 
over the usual specificaUon which uses the expected raU of inflatioD 


Consider a ooniumer who lives in a world in which money only 
available aaet and there is an aggregate consumpuon go^ The 
sumer anticipates a possible states of the world {i e, a possible evoluUons 


111.b b-rf - c,. srsr ~ 

fte«tlwporlfcliosii|iii»sdiwtbedein»ndfw 

ftss'ssfSiSKi'as.v-s.—I 
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and the future price level. He uiea these anticipations to plan his con¬ 
sumption and holdings of real balances for two periods.^ Let 

Cq » level of consumption in period 0; 

Cj level of consumption m period 1 in state of the 
world «■ (i = 1,..., n); 

Afo <=‘ quantity of nominal balances in period 0; 

Pff — the price level in period 0 (the price of consump¬ 
tion in terms of money); 

aig n MJPq » quantity of real balances in period 0, 

M[ = quantity of nominal balances in period 1 in state of 
the world t (t = I, , n); 

P[ = price level in period 1 in state of the world i 
(i =1, . , n); 

m'l = M[jP\ =■ quantity of real balances in period 1 m 
state of the world » (i = 1, , n); 

W'o = initial real wealth; 

/{ >> nominal mcome in penod 1 in state of the world 

»(«=!. . n ). 

W\ = /}//’} + MJP\ = real wealth in period 1 instate 
of the world i (i = 1, . ,n), 

q, = the consumer’s subjective probabihty that state of 
the world i will occur (i « 1, , n) 

We will also use the following random variables. 

7, = {/[ with probabihty 9i> t *■ 1, • •, 

/*, = {/*{ with probabihty g,; i " 1, , «} 

The consumer allocates the available resources in each penod between 
money and the consumption good. His behavior is described by a max¬ 
imization of a utility function m which consumption and real balances 
appear as arguments - ^ 

”*o> ^I» •» ^i» *1» • • •»•»*)• 

* See Patinkin (1965) (or a detailed fraiaework of period analysis. 

* The inchisioo of real balances as an argument in ibe utibty (unction is widely used 
since Samueboo (1947) and Patinkin (1965). This approach assumes that some imporunt 
aqiects oT consumers’ behavior can Ik captured without qKciiying the exact nature of 
the services which are provided by money. 
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It is assumed that the utility funcUon 
maximizes expected utihty, thus 
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IS additive and that the consumer 


y( ) = U{Cq, mo) + p ^ m'), 




where p is a subjective rate of discount The maximization is done subject 
to a single budget constraint in penod 0 and an anticipated budget 
constraint for penod 1 ■ 

max f/co, pY gu( c‘, 


s.t (.) Co + ^ = M^o. 

(4) c‘ + ^ = = ii + illo ^ , 

pi ' p' p‘ ^ • 

Assume that f/( ) is stnctly quasi-concave to define 


. «) 


F{X) 


s t. C -t- — = A 
P 

and C, M ^ 0, 


( 1 ) 


where F{-) u the maximum second penod’s utilities that the consumer 
can get from an amount of real resources A" in the second penod 

There arc two sources of benefits from holding real balances (a) 
“utihty” in the present (which might stand for the “u-ansacuon mouve” 
for holding money), and (6) uses in the future (the “store of value” 
function of money) When the consumer holds point anbcipauons 
(/(, P,), the value of holding today for future use, measured in 
period I’s utility umts, is 



When future magmtudes arc uncertain, the expected value of holding 
AIq for future use is 




The consumer weighs the total benefits from holding money (present 
plus future use) against the benefits of consumption today. Formally, thu 
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decision can be described by: 

g.t. Co + ^ - Wo. 

Po 

At a solution of (2) the expected marginal utility from holding one 
dollar as money (present and future uses) equals the marguial utility of a 
doUar’s worth of present consumpbon. Thus, 

Where {Cq, Xfo) w a solubon to (2), C/|(- •) denotes partial derivatives 
and 

W — ^0 ^1 

‘ A ■ 

Multiplying (3) by Pq subsbtuting yields; 

•d(<*o» ^0) “ f^i{^o ~ ^o> ^0) ~ ~ ^o> ^0) 




where iJIq “ ^o/A equality defines the funebon A( ) as 

the difference between the marginal ubhty of consumpbon and the 
marginal utihty of money in the first period. 

In what follows we specialize in assuming that the consumer is risk 
neutral ThusF'(’) is a constant. Let* ■= pF'{-), where * is the “utility” 
of a unit of real wealth in the future, and define the real rate of return on 
money to be 

„ Molf i . - .. ^o/A . p ip _ 1 

Afo/A 

Then (4) can be rewritten as 

A{Ao. H'o) - *[1 + {ER)]. (5) 


Reducing consumption in the present by one unit implies having an 
additional unit of real balance today and having 1 + R more units of 
real wealth in the future. Since (5) implies that the d^erence in the 
marginsd utility between present consumption and present real balances 
is equal to the expected utility ctf 1 + units of real wealth in the future, 
it insures that at the optimum the above change in allocation will not 
increase the expected utility. 
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The partial denvative of •) with respect to real balances is 

-f/„( )+2t/„( )-U,,{ ), 

which is positive if we assume that the second order conditions of the 
probletni are satisfied. Since A{ ) is increasing in real balances, an 
increase in the expiected real rate of return on money increases the 
demand for money 

General equilibrium considcrauons which are developed in the second 
chapter of Eden (1975) leads to the above result without using the 
assumption of risk neutrality Specifically, it is shown that, even if all 
consumers have aversion to risk, the mean of the distnbuuon of the real 
rate of return on money is the only moment of the distribution which 
eflTects the equilibnum quantity of money 


m 


Previous studies attempted to explam changes in the demand for money 
by using anUcipation with respect to the expected rate of mflabon rather 
than the expected real rate of return on money To appreciate the 
imphcations of this misspecificauon, we turn now to examme the relation¬ 
ship between the real rate of return and the rate of inflation 
Tlic discrete rate of inflation (for the penod 0 - /) * 

f. 

is related to the real rate of return by 


1 + yj = p^iP I — 


1 + n 


( 6 ) 


Since the function 1/(1 + Jt) is convex in n, Jensen’s inequahty 
combined with (6) implies that the expected real rate of return on money 
is greater when the rale of inflation is random compared to a nonrandom 
rate of inflauon (holding the mean consuni) 


I + ER 


1 


1 


1 + a 1 + £5 


(7) 


To illustrate inequahty (7) consider the following example let Pq - 2 
and consider the foUowing altemanvcs for the pnee level in penod < 

Alternative 1 P, «= 2 with probability 1 

(3 with probability 1/21 

Alternative 2' “ h with probability 1/21' 


* For a oo (he coatuiuow rale 


of mflauoo, »ee Eden ( 1975 ) 
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Flo 1 —^The relationihip between the expected real rate of return on money and the 
rate of inflation 


Under both alternatives the expected rate of inflation equals zero. The 
expected real rate of return under alternative 1 is 

PolP, - 1 - 2/2 - 1 - 0 


and under altemauve 2 

E{PolP, - 1) - l/2(2/3 - 1) + l/2(2/l - 1) 

- -l/2i + 1/21 -i 

Thus, the expected rate of return is higher for the random rate of inflation. 
This result is derived graphically in figure 1. 

Further, it can be shown that the expected real rate of return increases 
with the variance of the rate of inflation (holding higher order moments 
constant). Therefore, if the demand ibr money is misq>ecified by using 
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the expected rate of inflation rather than the expected real rate of return, 
the anticipated variance will show a signiflcant positive effect ’ 

Empirically, the distinction between the real rate of return and the 
rate of inflation is impxirtant only when there are changes in the anticipated 
variance of the rate of inflation It is shown in Eden (1975) that during 
the post-World War I pienods of hyperinflations, changes in the vanance 
of tte rate of inflation were substantial and therefore the performance of 
the real rate of return in explaining changes in the demand for money 
was significantly better than the performance of the rate of inflation (m 
Cagan's [1956] original study) 
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» It arcued that the diiuncuon between the real rale of return and the rate of 
uiflauon wiU i^ppear for cerum funcuonal forms of the demand for money “V 
uinauon wm omecled rate of return wiU increase with the vanance of ihe 
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Vindication of a "Common Mistake" in 
Welfare Economics 

John C Panzar and Robert D Wilhg 
BM Laheratomi 


In a recent note in this Journal (Dorfman 1975), Robert Dorfman mis¬ 
takenly condemns a useful analytical device commonly employed in 
welfare economics He contends that it is, in general, improper to denve 
the conditions necessary for Pareto efficiency from those necessary for the 
masumization of an arbitrary linear social welfare function 

k 

“Such a solution to the Pareto-cfficiency problem will not necessarily 
satisfy the necessary conditions for a solution to the maximization prob¬ 
lem, so those conditions arc not necessary for Pareto efficiency” (p 863) 
Professor Dorfman’s criticism is unfounded, and those (unnamed) 
authon whom he reproves have made, at worst, a semantic error 

Let * = (Xp •»* 1 .) be » vector charactcrumg social states, and let 
I = 1,2, , n, be differentiable utility functions representing 

the piWcreno^ of the agents over the states Suppose there are constrainU 
on the states given by the differcnUable functions F'{x) > 0 , t - 
12. , r.‘ The work of S Smalc (197#),* in a more general mathe- 

iMUcal setting,* implies that a necessary condiuon for x* to be Pareto 
opumal. subject to the constraints, is that there exist nonnegaUve 
numbemu/.. not all zero, such that 

V W,w\x*) -h r A,VF'(X*) = 0, (1) 

where S - {< I FV*) = 0)- ^ 0 for t « 1. ,T 

^ __ „ .rchnoloBcal conitrainu. mcluding «ny needed non- 

4 lli0e can be economic or cu* 

nefsthdtr «*> *•* , ^ oirt Futi» for bringing this work to 

*We are gratelul lo an anonvrooai lewtee ana 

our atteatiem. , ^ „biirary manifold and charactenwa ihe “fod- 

* Rmb. nUoNM * to take values ui an artnirary oourna 

Wtaeh mdwfo* the Kt of cU.oc.1 Pareto opuma 
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The necessity of this condition for Pareto efBciency can be derived in 
a more restrictive context by familiar means. The Lagrangian for the 
Pareto program, 

max t/* (*) subject to U*(x) ^ t 2 ,..., n 

( 2 ) 

F‘(*)kO 

IS 

^ + E -u‘] + j2 

»»1 

The Kuhn-Tuckcr necessary conditions are (1), with iti, = 1, and, 
additionally, 

U‘(**) - f/i ^ 0. w,[U<(x*) - I/'] = 0 for 1 = 2, , (3) 

The condition (1) exactly characterizes the critual, or statumaty, points 
of the linear social welfare function 



over the feasible set. Thus, Smale’s result implies that a necessary con¬ 
dition for X* to be Pareto optimal is that there exist a nondegencrate 
hnear social welfare function (with nonnegative weights) for which x* 
IS a stauonary point. 

Such points need not be maxima, but may, instead, be local minima 
or saddle points In figure 1, let the curve represent the utihty {possibility 
frontier for feasible choices of x in a two-pierson economy The values of x 
which generate points A and B are Pareto efficient in that they are true 
maxima of f/^(x), subject to U^{x) being not less than certain numbers. 
However, while A corresponds to a local maximum of some hnear social 
welfare function, B corresponds to a local mimmum (This was the 
im]x>rt of Dorfman’s example )* Nonetheless, both A and B are stationary 
points of some linear combinations of the utility functions. 

Doriinan has made a subtle error He is correct in writing; "Positively 
stated. It IS quite piossible for a set of x’s to be Pareto efficient and still not 
maximize W for any positive u/’s" (p. 863). However, his conclusion 
(quoted earlier), that the 6rst-order conditions for the maximization of 
some linear social welfare function are not necessary for Pareto effiacncy, 
IS false. These conditions, which are equivalent to (1), are, indeed, 
necessary, as is (3). 

The authors rebuked by Dorfman may have mistakenly stated that 
they were maximizing W over some feasible set. Yet, their analyses have 
proMeded from correct first-order necessary conditions. 


* Smale (1974a) also givef fuch sn eumple. 
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Wc conclude with the now obvious caution that if second-order con¬ 
ditions are to be invoked in a study of Pareto efficiency, they must be 
developed from the true program (2), and not from any other short-cut 
maximizations 
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Rejoinder 

Robert Dorfman 
Harvard Vnuamty 


In the note that stimulated Panzar and WiUig’s illuminating comment, I 
cautioned against an appealing but fallacious chain of reasoning that 
occurs frequently when wnters are seeking conditions for Pareto-efficient 
resource allocations Formally, Pareto efficiency is an instance of vector 
niaximization. But vector maximaation is an awkward mathematical 
problem To avoid it, the wnters m question replace the ongma! Pareto- 
cfficiency problem by the more ordinary problem of maximizing the 
synthetic objective function^ Y. u>iV'{x) subject to the same constraints 
They reason, usually implicitly, that any Pareto-efficient allocation must 
be a solution to the synthetic problem for some set of weights, w, This is 
simply incorrect (though it need not lead to incorrect conclusions) My 
example showed that, there were an infinite number of Pareto-cfficient 
allocations but only two of them corresponded to possible maxima of the 
synthetic problem 

Panzar and Willig and a number of pnvate correspondenu point out 
correctly that there is a saving feature The first-order condiuons for x* 
to be a local solution to the vector maximization problem are that the 
constraints be satisfied and that there be noimegative numbers 6* and 
nonnegative multipliers A* such that 


These condtuons are vutuaUy the same as the * 

«>lution to the synthetic problem But that does not justJ the objecUon- 
able reasoning In my example we have the uncomforuble situation that 
all Parcto-cfficient allocations can be discovered by mmmutng the 
tjntheuc objecuve funcuon, but that happcnstan« is surely an unappeal- 
ini lusuficauon for introducing the syntheuc problem 

ftaTind W,U«. <1 JTcm... »d 


■ .lal w*c- ^ d-*" ■»““ ““ 

* TCs iheortm depend* on the Kulm ioaa ukv» 
die oonttnuni qualificstioin u samfied »«** 
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but it too has its shortcomings. Besides, being asymmetrical, it is unsafe, 
because consumer number 1 may be special in some essential respects; he 
may be a vegetarian or even an ascetic. To see how this method can go 
astray you need only consider what would happen to it if consumer 
number 1 can be satiated with a smaller allocation than is left over after 
all the other consumers have attained their prescribed utility levels. 

My recommendation is. If you have a vector maximization problem 
grit your teeth and face it for what it is 

I want to thank Panzar and Wilhg, and my private correspondents, for 
claniying my unduly cryptic note 
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The Slalisttcd Movement in Early Vutormn Bntain The Famdatxons of Emtmcal Social 
Research By Michael J Cullen 
New York Barnes & Noble, 1975 Pp xii + 205 $22 50 


The 1830i and the 1840s were marked by an unusual upsurge of interest in 
statistics in Great Britain The Board of Trade’s Statistical Department dates from 
1832 and the General Register Office from 1836 The defense departments were 
commissioning a scries of statistical reporu on the health of the armed forces 
Edwin Chadwick was using the resources of the Poor Law administration to 
conduct surveys of the health and sanitary conditions of the working classes And 
m the early 1830s a host of statistical societies (or plans for statistical societies) 
sprang up in London and the provinces Of these last, only the Statistical Society 
of London (much later the Royal Statistical Society) and the Manchester Statis¬ 
tical Society survived as effectis'e institutions for the promotion and dissemination 
of sututical research But in the 1830s there were also statistical societies in Belfast, 
Birmingham, Bristol, Glasgow, Leeds, Liverpool, and Newcastle actively con¬ 
ducting surveys of the condition of the working classes or of their educational 
standards 

This slim volume (originating from a Ph D dissertation and still devoting a 
quiuler of lU space to notes and references) documents and explains this sudden 
craze for statistics It is not a critique of the statistics Dr Cullen is concerned less 
with the specific results of the movement—though, as he shows, these were sub- 
itsmtial in total—than with the philosophy and motives of the leading personalities 
and with the way their personal commitments affected the range, bias, and 
quabty of their achievement 

After a conasc prehnunary review of the work of previous Bntish st->ti5Ucians, 
from the political arithmeticians to John Rickman, the author desenbes and 
evaluates the role played by the activTSts in the statistical novement of the 1830s 
and 1840s, first in their official capaaties and ihen as members of the local 
statistical soaetics He finds G R Porter, for example, and William Farr, turning 
to the Statistical Soaet) of London when their government departments cramped 
their statistical ambitions On the other hand the Manchester Statistical Society 
lost much of Its creative momentum when James Kav went to London to the Poor 
Law Commission and lU other leading members diverted their reforming energies 
to the anb-com-law league. For in spue of the prestigious support enjoved bv the 
early sUtistical societies their work (which turned out more expensive than their 
founden had dreamed) depended on the driving enthusiasm of a few active 

Cullen accounts for the statistical movement as a response to the s^ams and 
atrasa of the rapid uibanisation taking place in ihe second quarter of the nine¬ 
teenth century. lu leaders showed little interest in the broader soaal or economic 
consequencm of indusinalisation What really concerned th^ were its enviton- 
imphcations, and they focused in particular on the high rales of crime ana 
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of morulity anociated with urbaniaatun. Above all, they were refomen, 
determined to lelect and manipulate their itatiatici to justify the public health 
and educational prescriptions they regarded as the answer to the manifest 
deterioration in standards of health and mmality in urban areas. Most of the 
energies and financial resources of the statistical societies were accordingly devoted 
to soaal surveys focused on the condition of the working classes and state of 
education. Within thu frame of reference the questions they asked, and the 
answers they stressed, were conditioned by a strong moralistic middle-class 
ideology. “Indeed from many of the surveys of the statistical movement it is 
possible to deduce a better description of the books and pictures of the early 
Victorian working classes than of their income and expenditure” (p. 137). 

The overriding concern of statuticians with social reform seems to have fallen 
away in the 1850s—partly no doubt because the prosperity of the nud-Victonan 
boom was reducing social tension, partly because the active statisticians were 
becoming more professional in their interests, and partly also because other 
political issues, leas likely to be furthered by statistical propaganda, were coming 
to the fore The “statutical movement" as Cullen has interpreted it ends with the 
deaths of G. R. Porter and Joseph Fletcher in 1852. 

This is a fascinating little book in spite of a rather terse style. The author’s 
interpretation is cogent, if debatable, and he has managed to attach a considerable 
degree of coherence and breadth of interest to what may seem at first sight a 
limited topic 

Phyllis Deane 

Umverstty (tf Cambndge 


Domtstu Monetary Management in Britain, 1919-1938 By Susan Howson University 

of Cambridge Department of Applied Economics, Occasional Paper 48. 
Cambridge: Cambridge University Press, 1973 Pp. 213 

Any work that sheds new light on the economic history of interwar Britam is 
bound to be welcome, and Dr Howson’s prize-winning dissertation is an impor¬ 
tant addition to the literature She has had access to treasury and cabmet doc¬ 
uments of the pcnod, only recently made available to research workers. She is able 
to give a much clearer picture than were earlier writers of the evolution of the 
opinions suid aims of policymakers and bow these related to the polices actually 
implemented. This strand in Howson’s work is skillfully interwoven with an 
account of the effects of policy, notable, particularly in contemporary Bntish 
literature, for the amount of emphasis that it lays on the role of rowtetary factor 
m influencing the level of economic activity. 

Apart from its introduction and conclusion and a number of appendices, the 
book consists of five substantive chapters dealing, respectively, with the immediate 
postwar boom and slump, the pen^ 1924-29 whose most nouble event was the 
return to gold at prewar parity, the great depressiim of 1929-31 that culminated 
in the abandonment of gold, the cheap money era of 1932-35, and finally 1936-38, 
years marked both by a recession and the beginning of the rearmament program. 

I found the account of the postwar boom and slump hanl to follow, largely 
because Howson assumes rather too much knowledge on the piut of her readers 
of the omduct of economic policy during the war. However, thereafter she tells 
her story clearly. In the wake of the violent fluctuations of the immediate postwsu' 
years monetary policy became geared to achieving and then maintaining an 
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eacbMge rate that overvalued Iterlmg Ratoration and maintenance of the pre¬ 
war parity war the overriding goal of the Bank of England The Treasury was 
intermittently concerned at the effect* that the high short-term interest rates 
neceaaary to the achievement ot this aim might have on unemployment, but did 
not question the appropriateness of the exchange rate target Indeed throughout 
the I 92 O 1 the Treasury exacerbated the unemployment problem by its attempts to 
lengthen the maturity of the national debt Hawlrey’s doctrine that long-term 
interest rates were largely irrelevant to the behavior of aggregate demand was 
more an excuse for this policy than a cause of it, the Treasury viewed funding as 
an end in itself The great depression that began in the United States m 1929 
ultimately forced Britain off gold in 1931 1'reasury officials lamented this event 
almost as much as did those of the Bank, but they nevertheless used the new-found 
control over moneury policy that it gave them to institute a regime of cheap 
money consciously gear^ to piomoling higher income and employment Howson 
argues convincingly that this policy had considerable success, apecially in pro¬ 
moting the 1930s building boom Of course the Treasury did not acquire a new 
and coherent set of views on demand management policies overnight Whai 
Howson calls “the funding complex” persisted into the 1931)s, and it was only 
later in the decade that the “treasury view” of fiscal policy began to be replaced 
withm that institution by Keynesian ideas In the early 1930s 
alone had to bear the burden of promoting an economic recovery that in the e^ent 
was interrupted by the imported 1937 downturn By then rearmament was getting 
under way,*lnd it was not until after the war that fully fledged Keynesian policies 

primarily as an economic historian and confines explicit 

enough bhe puts more ^ Z 

the tran.mis.mn proc« 

appropriate ^,,^1 for .merest rales, but ,t would have been 

what IS or IS not a high t, , . j between real and nominal rates 

helpful had she made w of inflation rate did after all vary quite 

of return in dealing wih discussion of the determinants 

a lot over the 2 decades with ratio would al«i 

of the bulks’ reserve ratio, and Ok ^ .mporunt part vn 

have been helpful Fluctuations m ,he 1920s, and one 

vmnable would want these variations much more to Keynes 

AUthu-tosaythatH^n smon ^ for 

th«t to Friedman or F'*" “;f„,X,n;^,uers are relat.velv minor when s« 

cnocixm; but m any event virtue other anal«is 
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proentation. There are some minor blemnhei: for example, a page full of yield 
curve diagrams (p. 171) whose axes are not even label^ let alone scaled, and 
references to otherwise unexplained events such as “the Hatry scandal,” but these 
are merely imtatmg to the reader. Utterly infuriating is the lack of an index, and 
just as bad is the method used to identify the many quotations used in the text. 
References are given in footnotes at the back of the book, but these do not contain 
dates of publication; the latter are to be found in the bibliography. Who said what, 
smd when he said it, is an integral psurt of Howson’s story. With well over 100 
footnotes per chapter, a bibliography that covert seven pages, and no index, it is 
excruciatingly difficult for the senous reader to follow this aspect of her narrative 
Also the lack of a imiform style for references in the bibliography (for journal 
articles page numbers are never given, and volume numbers seldom, for books 
the place of publicauon is sometimes missing and in one case the date as well) 
ensures that anyone wishing to obtain the material referred to here by way of an 
interlibrary loan service will need a lot of patience. I do not know how much 
blame for all this should go to Howson, and how much to the Cambridge Univer¬ 
sity Press, but it is sincerely to be hoped that whoever is responsible will take note 
and resolve to do better next time, lliere are not so many good books written that 
we can afford to have their usefulness vitiated in this way by careless editorial 
work 


Utaoernty of Western Ontario 


David Laidlxr 


Controls and Itflation The Economu Stabtlizafwn Program m Retrospect. By Marvin H 
Kosters in association with J Dawson Ahalt (foreword by Gboroe P 
Shultz) 

Washington American Elnterprise Institute, 1975. Pp 135 $3 50 (paper) 

It IS hard to think of an economic policy decision in the twentieth century that 
aroused more exatement and consternation than the imposition of mandatory 
wage and price controls on August 15, 1971, Two years have passed since the 
controls program was terminated, and we are in a better position to assess the 
nature and significance of what really happened. This book by Marvin Kosters, 
who served as assoaate director for economic policy for the Cost of Living Council, 
provides us with the views of an insider. The book discusses controls pohaes in 
relation to the overall economic magnitudes (prices, wages, and profits) and also 
examines their implementation and impact in specific sectors (food, lumber, 
petroleum, cattle hides, and fertilizer). While some attention is given to the effects 
of controls on economic effiaency and the relationship of controls to demand 
msmagement pohcies, the book is more chronological and insututional thsm 
analytical, and no sharp conclusions seem to stand out. Indeed, in many ways the 
things not explained in the book are more interesting than those that are. 

One thing that is noticeably absent is a statement providing a rationale for 
controls as sui economic policy tool. To be sure there are hints of such a rationale 
sprinkled here and there, but these generally amount to suggestions that controls 
dampen inflationary expectations tv help to moderate excewlvg negotiated wage 
settlements. Such claims cannot be accepted as obviously true, however. The 
assertion that controls affect inflationary expectations ignores the theory of 
rational oqiectauons which has played an important role in economic analysis in 
recent years and hence needs to be defended on both theoretical and empirical 
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grounds In a sinular vein it is not unreasonable to ask for some fuller explanation 
of just how inflation is related to what happens at the bargaining tabic 

This book conveys the strong impression that the 1971-74 controls policy was 
not, in fact, based on any vrell-thought-out theory of inflation ‘ In particular, the 
arguments presented certainly do not appear to be related to a theory of inflation 
based on the supply and demand for money Very little is said about the relation¬ 
ship of the controls and the policies of the Fed, other than to suggest that 
(retrospectively) the money supply grew too rapidly in 1971 and 1972 And even 
this IS explained as a failure of economic forecasting rather than as an error 
induced by the controls ^ Even less is said about the effect of controls on the 
demand for money, although thu would appear to be a matter of utmost impor¬ 
tance in any policy intended to deal with inflation. This is a dramatic contrast to 
the writings of such well-known monetarists as J K Galbraith, who, m his book 
A Theory of Price Control, focusses substantial attention, at least implicitly, on the 
relationship of controls and the demand for money (1952) 

The book’s failure to rationalize the controls as a tool of economic policy may 
be explained on the grounds that they were initiated in response to political rather 
than economic conditions Kosters does refer to political pressures at several points 
but completely ignores the important question of just how the politically influential 
stood to gam from the controls policy He occasionally seems to imply that the 
political pressure for controls arose out of ignorance on the part of the public as to 
what the controls would do Ignorance is never a very satisfactory explanation for 
social behavior, and it surely does not explain why the administration requested 
an extension of mandatory authonty beyond April 30, 1974, when congressional 
and public support for such an extension was clearly minimal 

In view of the abysmal performance that most observers now ascribe to the 
controb, it is puzzling that Kosters is not more decisive in his condemnation of 
them Before the controls were imposed, one of the arguments the Nixon admin¬ 
istration used against them was that they would not really contain inflation and 
tjiat a “catch-up” burst of price rises was likely when they were relaxed. Instead 
of noting the essential validity of that prediction, Kosteis seems to go out of his 
way to argue that the ineffectiveness of the Phase III controls in the first half of 
1973 should not be viewed as a failure of the controb policy Moreover, de^tte 
the wndespread evidence of economic dislocations and the heated complaint about 
inequities. Kosters blandly asserts that the short-run costs of controb were 
apparently not enormous He follows this remark with the claim that the costs of 
comrob are nonetheless real but difficult to quantifv (p 100) The impl^uon is 
dial cosu which are difficult to quantify are apparently not enormous This con- 
cluiion should be great comfort to those immlved m cost-tenefit analjsea 
One of the greaf concerns that manv economists have about 
the extent to which they involve the government m decision t^g that is ^ 
left to the private sector. M e find evidence in this book that 

more^exteLvedtan many may have realized Kcs.ers notes “Adequacy of rate. 

to an economic stabdisation program at ihc time oi me irreac 
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of return ead wiUingnen to make new investment eonunitmenu were ikcton 
considered in decontrol dedsioat. Securing capacity expanston cominitinents as 
ccmtrols wore removed was part an intricate process to facilitate orderly sectoral 
decontrol Investment conunitments provided a supporting rationale for sequential 
control decuiont, and they represented a signilicMt eflfort to coordinate policies 
Sot achieving capacity expansion needs with poliaes for removing controls** 
(p, 106). Thus the reward of deccmtrol (or sanction ofcontinuedcmitrol) was used 
to motivate capacity expansion and investment in specific industries and firms 
above the amount that presumably would have taken place voluntarily. Kosters 
does not explain how this policy rdates to inflauon or how the controllers knew 
the private sector*s cajutal nee^ better than the busmess community. There is 
also a senous issue as to whether such policy u an appropriate use of the power 
vested in the controllera—consider the above paragrai^ with the words “political 
contributions** substituted for the phrases “mvestment commitments’’ and 
“capacity expansion commitments.** 

Hiose who believe that wage and price controls are a costly and unjustified 
government activity will find nothing in this book to shake their conviction. The 
same may be said for those who beheve the contrary. 

John P. Gould 

Vmmaty i(f Chkagt 
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Hu Joj^oss Economy. An Ingnny into Human Satufaction andDissatiffaetion. By Tibor 
S crroviKY. 

New York* Oxford University Press, 1976. Pp. xviii+310. $11.95. 

In thu book. Professor Satoviky has combined two related monographs Each 
could have been publuhed separately, but each draws strength from the other. 
The first is entitled “The Psychology and Economics of Motivation.*’ The line of 
argument is that economists have developed modeb of human behavior which 
explain, at most, a minor fraction of human goal-seeking activity. He contends 
that physiological psychology has more to contribute than eco n omics toward an 
understanding of the phenomena with which economists ought to be concerned; 
and the bulk of the first half of the book contains a rtsumt of bis understanding of 
physiological psychology in its relation to the concerns of the economut. He states 
the point of view taken in the first part: 

Economists . accept unquestioningly the consumer’s judgment of what 
IS best for him, hu tastes as the outcome of that judgment, and his msuket 
behavior as t^ reflection of hb tastes. Ecoaomists will qpt analyse the 
motivation of consumer bdiavior, claiming that that would be beyond 
tbdr competence and that it would inevitably involve an improper 
judgment: that of judging ooe man’s uny of making the best of his life 
by aimther man’s standards. As a result, the economist’s approach to his 
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subject tscitly SMucnet tfast consumers know what they arc doing and 
are doing the best they can, so that the economist's only task u to see to 
It that the economy debvers what conaumers want 

That approach overlooks the fact that tastes are highly variable, easily 
influenced by example, custom, and suggestion, constantly changed by 
the accumulation of experience, and modified by changing prices and 
availability of tome saiitfactions and the unavailability of others It also 
overlooks the possibility that the tame influences that modify our tastes 
might also modify our ability to derive tatisfacuon from the things that 
cater to our laatea In abort, the economist’s standard procedure of 
postulating that each consumer knows best what is good for him and 
trusting the consumer’s behavior to reflect that knowledge seems to be 
uiucientiflc. What I propose to do instead is to look into the consumer’s 
behavior, analyre m motivation, and ihen draw whatever conclusions 
follow from such an investigation l?p 3-4] 


He does not prove his case. To do so, were the case correct, v/ould require m^y 
w!«.^^rk and fax more printed pages than are in the bc»k under revi^ 
vJSte doe. do very successfully is to ra« issues which are fundamental and not 

"pain.” .vTuAt of M iTrelS pam or discomfort Comfort is 

life. Comfort economisu model uuhty, with usus 

enough to eat, a soft cl^r. ^hai more comfort is 

n^hanging and “ "l^t mC'h America, Europe, a^ 

•Iwaya an improvemenl Scitoysky „_«,ne has about aU the comfort be 

laoan (the relaovely nch countnes) levels of comfort 

{Srt;.bould>) wmiu For 

can be m«ch fw more pleasure out of hu flO-foot yacht than 

ft* granted. The Of course. th» suggests that one’s past 

tie got years before out of Im 18-f ^ P , ^ Or, put another way, tastts 

pattern of consumption affects one tcu ^ gay feUtw human, 

r“tSirx’"Ti" 

•nm moond part of the cocktail-^ '""TlT 

»" ” 
purchase ^ ,^ld be happier. ^ ,ogny 

Amrican academics. Imwoi 
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toward agreement, which niggesti that thoae with a ditpoiition to become pro- 
fcMOn alw have a ditpontion to like nich thing* a* art wodn, old building* and 
towns, varied food, and lo forth. Thou^ the taste* approved by the author in this 
part of the book cater to my prgudice* too, I fear that lU whole thrust is that 
everyone would be better off if he dunged his consumption habits to those of 
Hbor Sdtovsky. The case is argued by him in a gracious and undogmatic way. 
It also is die more convincing due to the preparation IVom the first half of the book 
Anyway, perhaps he is right. 

^ore closing, I want to add some summary comments of the author’s* 

Even at my most ambitious, 1 could only hope to open up a new field 
of enquiry, raise new quesUons, and provide a little reassurance that 
those questions sue not as intractable as they first seem This book is 
open e^ed, partly because the subject is open ended. If I have provoked 
some readers into continmng, extending, testing, contradicting my 
argument, I have done well. 

The novelty of this book lies in intiodudng novelty as an object of 
desire and a source of satisfaction. To devote a whole book to the trivial 
task of adding one more source of satisfaction to the economist’s already 
long list would be absurd, if it were not for the fact that the stimulus of 
novelty is among the moat fundamental of human needs, and that 
novelty is a rather special commodity, as specul a* virgtmty or a delicate 
flower, and very unhke the econonust’s stock in trade. My fellow 
economists have been too earnest and puritanical to recognize the con¬ 
sumer’s need for novelty, and the American consumer himself u also too 
earnest and puritanical to admit to himself his own desire for stimulation 
and novelty. We could say that there is nothing wrong with seckiiig 
comfort rather than stimulus if that u one’s ideal of the good life, except 
for the following reasons. First, we overindulge in comfort, second, in the 
modem economy, the economies of scale impose the majority’s tastes on 
the whole soaety, and when the majonty chooses to sacrifice the stimulus 
of novelty for the take of comfort, the creation of novelty and the 
nunonty’s seeking new ways of attammg the good bfe are both impeded. 
[Pp. 282-83] 

Whether this book could, should, or wnll have any impact on the development of 
economics remains to be seen, however, it is a thoughtful, well-writtea, senously 
mtended piece of work which does nuse quesUons which are diflicult, important, 
and mteresung. I am pleased to have read it, and I recommend it. 

Jasixs W. Friedman 

Umotrat/ of RacktsUr 


Did MomUuy Fortes Cause Ike Groat Defiresfion? By Peter Teson. 

New York: W. W. Norton & Co., 1976. Pp. 201. $8.95. 

St 

That feud is wanning up again: monetarists and antimonetsuists, Chicago and 
Cambridge. If Temin had wanted to keep the peace, the title could have been 
Coiuumeri Majs Ham Started the Creal D^srtssum. 



BOOK BEVIEWI 


>375 
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Wn‘l pr^ace <tata ai hu purpow “the application of modem macroeconomic 
ttX»U to of the Awater m 1930-33 (p x,i) > He intenda to diBCtiminale 

preratly between two clasaei of explanation^ the “money hypothesis** and the 
**ipeiMung hypothesis, that emerged from earlier probes into the unprecedented 
decline of economve welfare Allegedly, advocates of neither view have constructed 
and teitcd their tnodeli prectiely, and they have talked pail one another, fading 
in rciolution of their dupute Temin set out to construct explicit models, to test 
them, and to iiuuatc cycball-lo-eycball confrontations between monetarists and 
their cntici, He hnuhes the book on a note of disappointment and frustration 
“The movements of the observed variables m the mterwar period are too limited 
to provide enough information to test alternative macroeconomic hypotheses 
about them” (p 178) The limited tests that can be used lead him to the eon- 
dusion that the spending hypothesis is “more plausible” than lU alternative Tire 
note of frustration is loudest m the final soiiencc “ The economist who uses this 
conclusion or any other conclusion about the Depression as a bwis for economic 
ooUcy recommendations essentially is performing an act of faith" (p 178) 

Ttfom’s spending hypothesis marks 1930 as the year of commitment to deep 
deoitasion A small recession started in 1929, “due to some combination of factors 
^.ch cannot be disenungled” {p 170) The stock-market crash had something 
to do with It, along wiih excess stocks of housing, crop fadur^ and 
restratnL Recovery might have come quickly if two unexplam^ events had nm 
intervened in 1930 and if European financial crises m 1931 had not provoked 
financUl stringency and shocked spenders’ expectaiions The ma)or event wm 
autonomous fall in consumption amounting to $3 billion, about 3 percen 

of the ?«>««• An residua! for 1930 The minor 

p,^entincoi^atey><*^ ^ to devd^ments abroad, of approxima^ 
“event" was a decline, h=,nkme crisis o^ 1930. the economy was 

$l billion tn Amencan|ecl.tresot$4bdhon mspending 

tomouucd to a bLinnmg with failure of Austria’s Credit 

Europe's crisis m 1931, beginm g monetary policies accelerated the 

Ure Federal Reserve’s ^>'V because of d^esuc 

,notoentum of depression States It is likely that m 

duwruons. partly as a result ,, ht .f the Federal Re«^e h^ 

firedbaefc upon this country would oosition b> raising interest rates 

sts cUma* in 1933 during political sta^ p«,p« 

shat 1^ worldwide and that cannot be awlyw ^ .^age rates and 

monetary and fiscal pmio , nrocesses of 

econometric model lor me ro. 

s book under review 

vHnl«odrerw»e.p«ified.aUpa«e«fcrencesare o 
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reuh becauM id data limitatkwa and becMiw aconomic proc ew et were dittorted 
by random i b oc l a. Modds bated vywo data fat MOtnt decadca are not r^evant, 
b^uK the eoonomy'i ttructtoe ^ changed. They are frail framevrarlu for 
analytu even oi economic change daring 19A5-76 linoe them yean “have not 
encompoaMd enough variatioa for alternate theoriee to be teited*' (p. 177). 
Macroeoonometnci m the ft^ of large moddi may be Am and games, but it can¬ 
not yet probe objectively the prooeiaet of growth and instability. 

“Unexplained events” were the impulse that started the D^teasion according 
to both the spending hypothesis of Temin and the money hypothesis of Friedman- 
Sdiwarts (Friedman and Schwam 1963, pp. 299-419). llm Temin evenU were 
the declines in omsumptimi and oqporu m 1930. The Friedman-Schwarts (F-S) 
event was a hanking and liquidity ensu m late 1930 (i^. 10, 15). In both hypoth¬ 
eses, small rocks start landalidm, but the rocks are difliercat (Friedman and 
Schwarts 1963, p. 419). 

Temin hammers away at the money hypothesis and F-S. Three indicators 
persuade him that monetary restraint did not cause the depression. “The monetsury 
base (higb-powered money) continued to increase during the Deprosion except 
for a brief dip in 1930” (p. 9). “There is no evidence in the interest rates of the 
monetary stnngency cited in the money hypothesu” (p. 126). “The real stock of 
money did not fall m these yean. If the demand for money can be written in real 
terms. , then there does not seem to have been any contractionary pressuie on 

real income from the stqiply of money" (p. 166). 

The money hypothesis stipulates excess demand for money after the bank failures 
of late 1930 and sm equihbtating prooen that involved first, nghtness in financial 
markets and then falling employment, output, and price levels. In Temin’s 
judgment, the P-S narrative assumes excess money demand, but “it docs not test 
It or prove it at all" (p. 16). The spending hypothesis suggests, and Temm demon¬ 
strates to his sadafacuon. that thm was excess supply of money except when the 
Federal Reserve intervened restrictively before the stock-market crash in 1929 and 
dunng the European crisis m 1931. In the one view, the supply curve in the 
market for money receded along the demand curve, inducing depression and 
deflation. In the other view, it was the demand curve that receded under pressure 
of declimng real income and prices. 

Temin objects to F-S analytical techniques including the famduu- expression 
M » H{DIRll + {DIC)]}I[DIR + DIC] that relates the money supply (Af) to 
high-powe^ money (AT), banks’ deposit-reserve ratio {DIR), and the public’s 
depasit-cuirency ratio (D/C) (n>. 16-17, 27). It defines the stock of money. It u 
not a supply equation, and it is not joined with a demand equation to determine 
eqinlibnum supply in the market for money. When one specifies a behavioral 
model of the market for money, it becomes apparent that {DIR) and {DIC) are 
ctmiplementary means by which falling demsind for money reduces the stock of 
money. The role of bankmg failures in the Great Depression, in Teoun's judgment, 
was to reduce these ratios and to drain excess supply from the market for money 
(pp. 9-10, 20). 

Temm disrnissra the counterfactual “thought experiments” that F-S engage in. 
(Fnednum and Schwartz, pp. 303-5, 313, 343; Temm, p. 28). He condemns the 
casual way of F-S with hutory. At one point, F-S attn^te bank failures in late 
1930 to economic distress in agricultu^ areas, at another to poor loans and 
investments in the 1920s (pp. 85-90). The F-S cs^anation for faildic of the Bank 
of United Sutes in 1930 is denied: fraud was ^ reason for it, not a crisis of 
bquidity. The F-S “view of the Bank of United States is completely at variance 
with the facts” (p. 91). 

Friedman-Schwarta and such architects of macrosnodels as Klein and Tinbergen 
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have proposed 


I 


ate not the only largeu in Temm's 

exiduiationi of the Great Depreuion that rel^on ? J™'" 

RUigmtudei and cannot be tetted (pp \ 7 +- 75 \ “P«dictable 

onflow,of 

(pp. 1*2, 172). nMion that World War I touched off a long swing or Kuzueto 
CydCf with the Grcftt Depreaston as lu final phase, has not been substantiated, and 
the Us structure that would link the political to the ccononuc disaster probably 
cannot be specified (p, 52) No one has a cause of the depression that compete 
With that residual of S3 billion in Temin*s estimate of the consumption function, 
Xeimn'l little book u a faacinating exercise m the tlyle of modern economic 
hiltory. Dinent from some paru of it here is not intended to turn readers away 
One baati for dissent is that Temin ffnds excess supplies on all markets, except for 
the conunercutl'papcr market at times, during the depression Outputs, labor, 
phyiml wealth, foragn exchange, banks, nominal money, swamped their 
(cqjective markeu Did everyone offer to sell some of everything in exchange for 
nothing’’ Is the notion of a budget constraint irrelevant for 1930-33’ Tanm 
obtervea that, “to the extent that they [people] bought other assets, like U.S 
government securities or diamonds, they were reducing their total cash balances— 
u oppoaed to simply changing their composition We do not know what people 
bought when they sold’ bank deposits” (p 54) Excess supplies prevailed on all 
markeu e* ante and floated away into some wide blue yonder ex post. 

^r!Ln capUtna pnce-level deflation m 1930-33 by “the same ar^^u ^ 
to otplain the fall in income” (p 168) The deflation was not propelled by 

tn late 1929 and in late 1931 It was exogenous to the market for mot ^ . 

analyiu will have moneurisu pounding wal^th m ^ 

exceu demand f« depositt ,.,^mm-ial paper Prune commeraal paper, 

and, among other P"™^^^^,,cot^^nce the Fed««l Reserve was 

„,^ver. was tn ‘^'^^'’^^^^^ir^tiunerctal-paper rate u no. ^ 
not providtng reserve by for money that Temm assumes it to be. 

Mmplel«tfordis«Iudibrium on ttemiU , „ ’ jo Oie market for money 

Temm suggesu another balances Since the stock was stable du^ 

deflauon mamtatned the stock demand for.. (p. 166). 

1929-33. he eontwds, of „ equiUbrium stock and of coming 

Now a stable stock u not ftm Tossing aside the commeroal-paper rate as 

,r*nquilUty on the market for * monetarist u bound to insist that 

indicator of ckccu supply tn and severe deflauonary 

SLn. real balance tneode*. the money hypothesn 

p«««,e fmm excess meu^ ,.t^ ^ oxygen 

b^i^^thing, but it does need 1 It ^ g g^vr 
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A 7%«oq> qf Pr^ts, By Adrian Wood. 

Gunluidge; Cunbridge Univcruty Preu, 1975. Pp. 1B4. $14.50 (doth). 


The miyor thnitt of A Theory (if Pr^ts it to develop an analytical tet of tooit that 
will enable a student of the modem corporation to understand the firm’s financial 
activities. Wood believes that this it necessary because existing theory, based on 
such assiunpuons as perfect markets, wealth-maximizing management, interest 
rates compensating lenders for the riskiness of borrowers, etc., has certain limita¬ 
tions. The assumptions of the dominant neodassical view are, in his opinion, 
“wildly misleading. They convey an imi^e of the capital nuu-ket... which is 
unrealistic to the pomt of almost complete iirdevance” (p. 6). 

It IS Wood's bdief that finance matters. A firm’s capital structure is not trivial 
(because individuals can arrange their o%vn leverage). A firm’s dividend payout 
decision is not a matter of indifference (because if eammgs are retained, stock 
prices will nse and the individual can sell u many shares as he wishes to determine 
his own dividend income). Stock prices do not always sell at book value. A firm 
does not adopt all investment projects whose expected returns are greater than 
the cost of capital and then determine how to raise the funds for the acceptable 
projects. Rather, there is a continuous interplay between the availability of funds 
from mtemally generated sources and investment projects. 

Wood's buic model is developed in the first three chapters of this five-chapter 
book This analysis rests on the interplay of four ratios at the firm tries to maxinruze 
Its sales The basic ratios are' (1) the grou retention ratio (r), the ratio of retamed 
earnings and depredation charges to gross operating profits (1 e , gross revenues 
less variable operatmg costs, profits [/*] are therefore defined as the firm's in¬ 
ternally generated cash flow Ixfore interest payments, dividend payments, and 
taxes), (2) the external finance ratio (X), the ratio of new borrowing and new 
equity issues to gross plant and equipment plus inventory, (3) the financial asset 
ratio (/), the ratio of liquid assets to total investment, and (4) the investment 
coefficient, h, the ratio of new investment outlays (/) to the change in sales 
{V - V). 

A firm’s total cash outlays will be (1 -I- f)I Part of this flow can be financed 
externally, XI, the remainder must be financed internally. By dcfimtion, 

rP m (I +/- X)I 

and 

(,) 

r 

Since 

I‘‘kgv, ( 2 ) 

where sales growth is defined as (P — P)/K and a firm’s profit margm is defined 

* - PIV, (3) 


equation (1) can be rewritten as 


R 


(1 +/- X) 

r 


gk. 


(>') 


Much of chapter 2 m spent in describing bow the values ot/, X, and r sue fixed by 
institutional forces and why, once set, they are difficult to change. The impact of 
equations (1) and (T) then is that the level of investment depends directly on the 
profits generated by a firm suid the growth rate on the firm’s profit margin. 

Placed in an operational context, equation (1'), which is called the "finance 
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(n 


(+) 

(4a) 

(4b) 


Thua, « all timet, the margin mutt be adequate to finance expansion 
Firms also face an investment opportunity schedule, 

« S “{g, h). 

where c>itjcig < 0 

and cnjtk >0 

Condition (4a) it the “demand-profit margin tradeoff” h reflects the fact that, 
once on an opportunity frontier, the firm must “raise its unit selling costs and keep 
down iti prices m order lo increase the level of demand for its products in the face 
of competition from other firms” (p 70) 

Condition (4b) "reflecu the fact that once the opportunity frontier has been 
attained, increasing the level of investment expenditure has a beneficial effect 
upon the demand-profit margin tradeoff as a result, for example, of reductions in 
unit operating costa” (p 70) 

The problem of a firm, then, is to maximize g subject to two constrainu, (1 ) 
and (4) The three requiremenu between them determine the firm’s profit margin, 

>j the rate of growth of sales, g and the investment coefficient, k 
'Wood’t framework of analysis, then, is straightforward and constructive It 
inleirralea a number of traditional financial decision variables m a rational and 
coJ^renl way The power of the framework, however, depends on the assumptions 
that/ X and r are fixed or fluctuate within narrow ranges V^le much ofehapten 
2 sl’wted above, i. spent describmg the kinds of considerations mouW 
•i^est that these ratios are constant, the question is an empirical one and no 

1 — of 

I did not expect developed in the first three chapters, I 

B«.ng my opinion "" would be coiisisicnt with 

would have expected that t e po icy profits as Wood defines the 

increasing a corpocauon i uitema 1 creatcr employment, more leisure, 

term. After all, thu is tow ^nShcations o^the model 

etc., will co.~ about that bothers Wood u that "the owner- 

for the distribution of income The p inadequate moral basu for 

,h.pofcap.ul,srnce It involves to 

—““ “ 

^Aocumuiaie! Accumulate ihat other things being equal .t is 

other hand, he “rEnds, interest and 

d^mbte to reduce the *hArcJ o Hiienuna he poses for himse 

the clastieal academic plea To , „ 

is a lepuatate end in Itself’ (p ) Eit-ENrltR’’ 
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